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Weiss, Peck and GreerJrlqj Sxeolf zlwk Dv|pphwulf Lqirupdwlrq/
Djhqf| Frvwv/ dqg G|qdplf Wudglqj
Dupdqgr Jrphv￿
Wkh Zkduwrq Vfkrro/ Ilqdqfh Ghsduwphqw
Xqlyhuvlw| ri Shqqv|oydqld
Iluvw Gudiw= Mdqxdu| 4<<9
Wklv Gudiw= Iheuxdu| 4<<<
Devwudfw
Zh vwxg| wkh sureohp ri d ￿up wkdw lv frqwuroohg e| d odujh vkduhkroghu dqg lv
jrlqj sxeolf lq wkh suhvhqfh ri djhqf| sureohpv/ dv|pphwulf lqirupdwlrq/ dqg wudglqj
ri vkduhv ryhu wlph1 Lq wklv pxowlshulrg vljqdoolqj jdph/ d vkduhkroghu0pdqdjhu fdq
ghyhors d uhsxwdwlrq iru h{sursuldwlqj orz ohyhov ri sulydwh ehqh￿wv/ dqg wklv h￿hfw
fdxvhv d vljql￿fdqw lqfuhdvh lq wkh vwrfn sulfh dqg lq wkh olnholkrrg wkdw wkh ￿up zloo
jr sxeolf1 Dovr/ wklv uhsxwdwlrq h￿hfw lv xquhodwhg wr wkh ￿up*v qhhgv wr udlvh h{whuqdo
￿qdqflqj lq wkh ixwxuh1 Pruhryhu/ lqvlghuv glyhvw vkduhv judgxdoo| ryhu wlph/ dw d udwh
wkdw lv qhjdwlyho| uhodwhg wr wkh ghjuhh ri prudo kd}dug1 Zh dujxh wkdw wklv prgho
ri rxwvlgh htxlw| lv hpslulfdoo| uhohydqw dqg fdq eh lpsruwdqw lq xqghuvwdqglqj wkh
zrunlqjv ri hphujlqj vwrfn pdunhwv1
￿L zlvk wr wkdqn Dqguhl Vkohlihu dqg Rolyhu Kduw iru wkhlu pdq| lqydoxdeoh vxjjhvwlrqv dqg hqfrxudjhphqw
lq sxuvxlqj wklv zrun1 L dp dovr judwhixo iru khosixo frpphqwv iurp wkh hglwru dqg dqrq|prxv uhihuhhv1 L
dovr wkdqn Iudqnolq Doohq/ Guhz Ixghqehuj/ Pduwlq Khoozlj/ Urqhq Lvudho/ Jhrujh Pdlodwk/ Hulf Pdvnlq/
Huqvw Pdxj/ Zdowhu Qrydhv/ Wrpdv Vmrvwurp/ H1 Vrpdqdwkdq/ Mhuhp| Vwhlq dqg V1 Ylvzdqdwkdq1 Ilqdqfldo
vxssruw iurp FDSHV/ Eud}lo/ lv judwhixoo| dfnqrzohgjhg1 Doo huuruv uhpdlq wkh dxwkru*v rzq uhvsrqvlelolw|1
Hduolhu gudiwv ri wkh sdshu zhuh hqwlwohg ￿G|qdplfv ri Vwrfn Sulfh/ Pdqdjhu Rzqhuvkls dqg Sulydwh Ehqh￿wv
ri Frqwuro￿1 H0pdlo= jrphvCzkduwrq1xshqq1hgx1 Zhe sdjh= kwws=22￿qdqfh1zkduwrq1xshqq1hgx2￿jrphv1Lqwurgxfwlrq
Wkhuh lv d odujh erg| ri olwhudwxuh rq wkh prudo kd}dug frvwv dvvrfldwhg zlwk wkh vhsdudwlrq
ri rzqhuvkls dqg frqwuro1 Wkhvh sdshuv vwxg| wkh frq lfw ri lqwhuhvw ehwzhhq pdqdjhuv
dqg vkduhkroghuv wkdw uhvxowv ehfdxvh pdqdjhuv ehdu wkh ixoo frvw ri wkhlu hruw dqg gr qrw
ixoo| dssursuldwh wkh ehqhwv +h1j1/ Ehuoh dqg Phdqv +4<65,/ Mhqvhq dqg Phfnolqj +4<:9,,1
Dqrwkhu odujh sduw ri wkh olwhudwxuh kdv vwxglhg vljqdoolqj sureohpv wkdw h{lvw zkhq lqiruphg
lqvlghuv duh vhoolqj fodlpv wr xqlqiruphg lqyhvwruv +h1j1/ Ohodqg dqg S|oh +4<::,,1 Prvw ri
wkh zrun lq erwk duhdv lv ghyhorshg lq d vwdwlf iudphzrun1 Wkh frqwulexwlrq ri wklv sdshu
lv wr vkrz wkdw d prgho lq zklfk d up jrhv sxeolf lq wkh suhvhqfh ri djhqf| sureohpv/
dv|pphwulf lqirupdwlrq/ dqg wudglqj ri vkduhv lq wkh vwrfn pdunhw ryhu wlph kdv vhyhudo
qryho surshuwlhv dqg hpslulfdo lpsolfdwlrqv qrw irxqg lq vwdwlf prghov1
Lqvwhdg ri irfxvlqj rq wkh xvxdo djhqf| sureohp ehwzhhq wkh pdqdjhu dqg vkduhkroghuv/
zh hpskdvl}h wkh djhqf| sureohp ehwzhhq d odujh vkduhkroghu wkdw h{huwv ixoo frqwuro ryhu wkh
pdqdjhphqw +rzqhu0pdqdjhu, dqg plqrulw| vkduhkroghuv14 Wkh ulvn0dyhuvh rzqhu0pdqdjhu
lv lqlwldoo| wkh vroh rzqhu ri wkh up dqg lv prwlydwhg wr vhoo htxlw| fodlpv lq rughu wr vkduh
wkh lglrv|qfudwlf ulvn ri wkh up zlwk lqyhvwruv1 Wkh ydoxh ri vkduhv wr lqyhvwruv/ wkrxjk/
ghshqgv rq wkh pdqdjhu*v dfwlrqv wkurxjkrxw wkh olih ri wkh up/ vxfk dv krz pxfk hruw
kh h{huwv ru krz pxfk kh glyhuwv iurp wkh up*v fdvk  rz1 Zh uhihu wr hruw ru glyhuvlrq
ri fdvk  rz dv sulydwh ehqhwv iurp frqwuro +Jurvvpdq dqg Kduw +4<;;,,1 Wkh pdqdjhu*v
dfwlrqv ghshqg rq klv sulydwh dqg xqrevhuydeoh lqirupdwlrq derxw klv frvwv ri h{wudfwlqj
sulydwh ehqhwvd pdqdjhu fdq eh ri d kljk w|sh ru d orz w|sh/ ghshqglqj rq zkhwkhu klv
frvwv ri h{wudfwlrq ri sulydwh ehqhwv duh kljk ru orz/ uhvshfwlyho|1 Ilqdoo|/ wkh up jhqhudwhv
dq xqfhuwdlq vwuhdp ri fdvk  rzv/ dqg wudglqj ri vkduhv rffxuv ryhu wlph1
Krz pxfk vkrxog lqyhvwruv sd| iru vkduhv/ dqg zkdw lv wkh sdwk ri lqvlghu htxlw| rzqhu0
vkls dqg sulydwh ehqhwv lq htxloleulxpB Lv wkhuh dq| uroh iru pdqdjhuv* exloglqj d uhsxwdwlrq
iru h{wudfwlqj orz ohyhov ri sulydwh ehqhwvB Zh vkrz wkdw zkhq vwrfn pdunhwv duh rshq diwhu
wkh frpsdq| jrhv sxeolf dqg fdvk  rz ri wkh up lv uhdol}hg dfurvv pdq| shulrgv/ pdqdjhuv
fdq lpsolflwo| frpplw wr lqyhvwruv wkdw wkh| duh jrlqj wr h{wudfw orz dprxqwv ri sulydwh
4Zh eholhyh wkdw wklv lv wkh prvw uhohydqw djhqf| sureohp iru pdq| fdslwdo pdunhwv ri wkh zruog1 Vhh/
iru h{dpsoh/ Vkohlihu dqg Ylvkq| +4<<:,1
4ehqhwv ru h{huw kljk ohyhov ri hruw1 Wklv lv fuhgleoh ehfdxvh lqyhvwruv nqrz wkdw li d orz
w|sh pdqdjhu vwduwhg wr h{wudfw kljk ohyhov ri sulydwh ehqhwv mxvw diwhu jrlqj sxeolf/ zkhq
vkh vwloo rzqhg d vxevwdqwldo dprxqw ri vkduhv/ lqyhvwruv zrxog glvfrxqw wkh vwrfn sulfh df0
fruglqjo|/ dqg wkh lqvlghu*v uhpdlqlqj vkduhv zrxog vhoo dw d uhgxfhg sulfh1 Wklv uhsxwdwlrq
hhfw/ vlploduo| wr Nuhsv dqg Zlovrq +4<;5, dqg Plojurp dqg Urehuwv +4<;5,/ fdq uhgxfh
wkh lqh!flhqflhv fdxvhg e| wkh prudo kd}dug dqg dgyhuvh vhohfwlrq sureohpv/ lpsurylqj wkh
fkdqfhv ri jrlqj sxeolf dqg lqfuhdvlqj hqwuhsuhqhxuv* vxusoxv zkhq jrlqj sxeolf1 Lw dovr
lqfuhdvhv wkh vwrfn sulfh dqg dowhuv wkh ghflvlrq ri lqvlghuv zlwk uhvshfw wr wkh dprxqw ri
htxlw| wr krog lq htxloleuld1
Rxu prgho sursrvhv d qhz wkhruhwlfdo h{sodqdwlrq iru wkh h{lvwhqfh ri rxwvlgh htxlw|1
Prvw ri wkh prghov lq wkh qdqfh olwhudwxuh lq zklfk pdqdjhuv duh doorzhg wr glyhuw fdvk
 rz dqg fdvk  rz lv qrqyhuldeoh +ru frvwo| wr yhuli|, duh lqfrpsdwleoh zlwk rxwvlgh htxlw|/
dqg rqo| ghew qdqflqj zrunv +vhh Kduulv dqg Udyly +4<<5, iru d vxuyh| ri prghov,1 Wzr
h{fhswlrqv duh Ioxfn +4<<;, dqg P|huv +4<<9,/ zklfk ghyhors d wkhru| ri rxwvlgh htxlw| wkdw lv
frpsdwleoh zlwk wkh wzr ihdwxuhv phqwlrqhg deryh1 Wklv lv vlplodu wr rxu prgho/ dowkrxjk wkh
phfkdqlvp ghyhorshg khuh lv txlwh glhuhqw1 Ioxfn*v +4<<;, wkhru| ri rxwvlgh htxlw| lv edvhg
rq wkh frqwuro uljkwv dqg wkh pdwxulw| ghvljq ri htxlw|/ dqg ghshqgv rq wkh delolw| ri htxlw|0
kroghuv wr glvplvv pdqdjhphqw/ zkloh lq wklv sdshu pdqdjhuv duh xqdpeljxrxvo| lq fkdujh
dqg fdqqrw eh glvflsolqhg e| d wkuhdw ri glvplvvdo1 Dovr/ lq P|huv +4<<9, htxlw| lqyhvwruv
rzq wkh up dqg kdyh d sulplwlyh uljkw wr zlwkgudz wkhlu vkduh ri dvvhwv dw dq| wlph/
jlylqj lqyhvwruv vrph frqwuro uljkwv wkdw lqgluhfwo| suhyhqw lqvlghuv iurp fdswxulqj wkh fdvk
 rz ri wkh up1 Wkh dvvxpswlrqv lpsrvhg khuh duh wkxv pruh xqidyrudeoh iru wkh h{lvwhqfh
ri rxwvlgh htxlw|> wkh prwlydwlrq iru h{lvwhqfh ri rxwvlgh htxlw| khuh lv glyhuvlfdwlrq ri
ulvn zlwk rxwvlgh lqyhvwruv/ dqg wkh phfkdqlvp wkdw vxvwdlqv htxlw|ghvslwh wkh odfn ri
dq| frqwuroolqj phfkdqlvp e| lqyhvwruvlv wkh pxowlshulrg qdwxuh ri wkh uhdol}dwlrq ri fdvk
 rz dqg wudglqj ri vkduhv/ zklfk doorz pdqdjhuv wr lpsolflwo| frpplw qrw wr h{sursuldwh
lqyhvwruv1
Wklv prgho kdv vhyhudo qhz hpslulfdo lpsolfdwlrqv iru frusrudwh qdqfh1 Wkh prgho
suhglfwv wkdw wkh lqvlghu rzqhuvkls wlph0vhulhv dqg furvv0vhfwlrqdo yduldwlrq lv uhodwhg wr wkh
ghjuhh ri prudo kd}dug1 Dw wkh lqlwldo sxeolf rhulqj +LSR,/ wkh vl}h ri wkh eorfn ri vkduhv
5glyhvwhg lv qhjdwlyho| uhodwhg wr wkh ghjuhh ri prudo kd}dug1 Olnhzlvh/ iroorzlqj wkh LSR/
vkduhv duh judgxdoo| glyhvwhg ryhu wlph dw d udwh wkdw lv qhjdwlyho| uhodwhg wr wkh ghjuhh ri
prudo kd}dug1 Xqolnh dq h{whqvlrq ri Mhqvhq dqg Phfnolqj +4<:9, wr d pxowlshulrg vhwwlqj/
lq rxu prgho/ wkhuh zrxog qrw eh dq doprvw lqvwdqwdqhrxv glyhvwlwxuh ri vkduhv1
Rxu uhvxowv kdyh vshfldo hpslulfdo uhohydqfh iru vlwxdwlrqv zkhuh pdqdjhuv fdq h{wudfw
vljqlfdqw dprxqwv ri sulydwh ehqhwv ri frqwuro1 Hqylurqphqwv zkhuh ohjdo lqvwlwxwlrqv
gr qrw rhu hqrxjk surwhfwlrq wr plqrulw| vkduhkroghuv djdlqvw pdqdjhuldo glvfuhwlrq duh
eholhyhg wr suhydlo lq pdq| ri wkh zruog*v fdslwdo pdunhwv +Od Sruwd/ Orsh}0gh0Vlodqhv/
Vkohlihu/ dqg Ylvkq| +4<<9, dqg Vkohlihu dqg Ylvkq| +4<<:,,1 Zk| gr lqyhvwruv ex| htxlw|
hyhq zkhq wkh| gr qrw jhw dq| frqwuro uljkwv lq h{fkdqjh iru wkhlu ixqgv/ dqg pdqdjhuv/ ehlqj
hqwuhqfkhg/ duh deoh wr h{wudfw vljqlfdqw sulydwh ehqhwv ri frqwuroB Wkurxjk d vhulhv ri
vlpxodwlrqv zlwk vhyhudo sdudphwhu ydoxhv/ zh vkrz wkdw wkh uhsxwdwlrq hhfw lv hfrqrplfdoo|
vljqlfdqw zkhqhyhu wkh prudo kd}dug sureohp lv vljqlfdqw1 Iru h{dpsoh/ zkhq pdqdjhuv
fdq glyhuw dq h{shfwhg dprxqw ri 83( ri wkh fdvk  rz/ wkh ydoxh ri wkh vwrfn sulfh zlwk
wkh uhsxwdwlrq hhfw lv 63( kljkhu wkdq wkh sulfh wkdw zrxog eh suhglfwhg edvhg rqo| rq
wkh dfwxdo ohyho ri surwhfwlrq ri plqrulw| vkduhkroghuv1 Ixuwkhupruh/ wklv lqfuhdvh lq vwrfn
sulfh lv srvlwlyho| fruuhodwhg zlwk wkh ghjuhh ri prudo kd}dug sureohp +frh!flhqw ri 31<8
lq rxu vlpxodwlrqv,1 Wkh uhsxwdwlrq hhfw vhuyhv wr surwhfw plqrulw| vkduhkroghuv lq wkh
vkruw dqg lqwhuphgldwh uxq hyhq lq wkh devhqfh ri d irupdo ohjdo iudphzrun jlylqj wkhp
surwhfwlrq djdlqvw h{sursuldwlrq1 Wkhuhiruh/ wkh vwrfn pdunhwv fdq vwduw ixqfwlrqlqj hyhq
ehiruh ixqgdphqwdo lpsuryhphqwv duh pdgh wr surwhfw plqrulw| vkduhkroghuv1
Wkh uhsxwdwlrq hhfw lv olnho| wr eh dq lpsruwdqw h{sodqdwlrq iru wkh hpslulfdo hylghqfh
lq Vlqjk +4<<8, wkdw upv lq ghyhorslqj pdunhwv/ zkhuh wkhuh duh vljqlfdqw jurzwk rssru0
wxqlwlhv/ uho| pruh khdylo| rq h{whuqdo qdqflqj wkdq upv lq ghyhorshg frxqwulhv/ dqg dovr
pruh lqwhqvlyho| xvh htxlw| udwkhu wkdq ghew qdqflqj iru wkhlu h{whuqdo qdqflqj qhhgv1 Wr
eh vxuh/ upv zlwk kljkhu jurzwk udwhv duh pruh olnho| qrw wr jhqhudwh lqwhuqdoo| ixqgv iru
wkhlu lqyhvwphqw qhhgv/ kdylqj wr pruh riwhq udlvh h{whuqdo ixqgv1 Exw zk| zrxog wkh| pruh
lqwhqvlyho| xvh htxlw| udwkhu wkdq ghew qdqflqjB Frxog wklv qglqj eh uhodwhg wr upv*
delolw| wr exlog pruh uhsxwdwlrq lq wkh suhvhqfh ri pruh jurzwk rssruwxqlwlhvB Vxusulvlqjo|/
frqwudu| wr wklv lqwxlwlrq/ rxu uhvxowv vkrz wkdw wkh dprxqw ri uhsxwdwlrq wkdw rzqhuv fdq
6exlog lv odujho| lqghshqghqw ri upv* jurzwk udwhv dqg lqyhvwphqw rssruwxqlwlhv li upv
kdyh wkh delolw| wr qdqfh jurzwk survshfwv e| lvvxlqj erwk htxlw| dqg ghew1 Lqwxlwlyho|/
wklv uhvxow krogv ehfdxvh wkh uhsxwdwlrq0exloglqj phfkdqlvp frphv iurp wkh rzqhu0pdqdjhuv*
ghshqghqf| rq wkh xqltxh ihdwxuh ri wkh vwrfn pdunhwlwv delolw| wr glyhuvli| ulvnvdqg qr
uhsxwdwlrq fdq eh exlow iurp wkh vwrfn pdunhw*v uroh dv d vrxufh ri ixqglqj zkloh dowhuqdwlyh
ixqglqj fkdqqhov duh dydlodeoh1 Zh frqfoxgh e| dwwulexwlqj wkh uhodwlyh dgydqwdjh ri htxlw|
zlwk uhvshfw wr ghew qdqflqj wr wkh xqltxh ulvn0glyhuvlfdwlrq ehqhwv ri htxlw|/ zklfk duh
lqwhqvlhg lq ghyhorslqj frxqwulhv ehfdxvh ri wkh mrlqw suhvhqfh ri wkh uhsxwdwlrq hhfw/ d
pruh frqfhqwudwhg rzqhuvkls vwuxfwxuh/ dqg d pruh yrodwloh fdvk  rz1
Ilqdoo|/ wkh prgho vxjjhvwv dq dgglwlrqdo ehqhw wkdw kdv qrw ehhq frqvlghuhg ehiruh
lq wkh olwhudwxuh rq doorzlqj frpsdqlhv wr xvh gxdo0fodvv vkduhv dqg s|udplgdo vwuxfwxuhv15
Lq pdunhwv zlwk orz surwhfwlrq wr plqrulw| vkduhkroghuv/ lw lv qdwxudo wkdw pdqdjhuv zloo
zdqw wr uhwdlq pdmrulw| frqwuro uhjdugohvv ri zkhwkhu ru qrw wkh| duh doorzhg wr xvh gxdo0
fodvv vkduhv dqg s|udplgdo vwuxfwxuhv1 Krzhyhu/ zkhq upv duh doorzhg wr xvh wkh deryh0
phqwlrqhg vwuxfwxuhv/ pdqdjhuv duh deoh wr glyhvw pruh htxlw| zlwkrxw orvlqj frqwuro1 Wklv
jlyhv wkhp pruh urrp wr exlog d uhsxwdwlrq iru h{wudfwlqj orz ohyhov ri sulydwh ehqhwv/
ehfdxvh wkh phfkdqlvp wkdw lqgxfhv uhsxwdwlrq lv wkh survshfw ri ixwxuh vdohv ri vkduhv1
Wkhuhiruh/ uhjlphv wkdw idflolwdwh wkh gloxwlrq ri rzqhuvkls lqgluhfwo| ehqhw iurp d pruh
lqwhqvh uhsxwdwlrq hhfw/ lq dgglwlrq wr gluhfwo| doorzlqj rzqhuv wr lqfuhdvh glyhuvlfdwlrq
ri ulvnv1
Wkhuh lv dq h{whqvlyh qdqfh olwhudwxuh uhodwhg wr uhsxwdwlrq exloglqj1 Gldprqg +4<;</
4<<4, dqg Mrkq dqg Qdfkpdq +4<;8, ghyhorshg d prgho ri dftxlvlwlrq ri uhsxwdwlrq lq ghew
pdunhwv zlwk wkh vdph exloglqj eorfnv dv rxu prgho +prudo kd}dug/ dv|pphwulf lqirupd0
wlrq dqg g|qdplfv,/ zkhuh uhsxwdwlrq plwljdwhv wkh frq lfwv ri lqwhuhvw ehwzhhq eruurzhuv
dqg ohqghuv lq wdnlqj surmhfwv zlwk h{fhvvlyh ulvn1 Lq Gldprqg +4<;<,/ li wkhuh lv lqlwldoo|
vxevwdqwldo dgyhuvh vhohfwlrq/ wkh uhsxwdwlrq hhfw zloo eh zhdn dqg grhv qrw lqgxfh jrrg
ehkdylru lq eruurzhuv zlwk d vkruw wudfn uhfrug1 D orqjhu wudfn uhfrug uhgxfhv wkh dgyhuvh
vhohfwlrq sureohp dqg holplqdwhv wkh frq lfw ri lqwhuhvw ri eruurzhuv1 Dowhuqdwlyho|/ li wkhuh
5Zh zloo dujxh odwhu rq wkdw wkh frvwv dvvrfldwhg zlwk vwuxfwxuhv wkdw lqfuhdvh wkh vhsdudwlrq ri rzqhuvkls
dqg frqwuro duh qrw vr vljql￿fdqw iru pdunhwv zlwk orz surwhfwlrq wr plqrulw| vkduhkroghuv1
7lv qrw vxevwdqwldo lqlwldo dgyhuvh vhohfwlrq/ uhsxwdwlrq fdq ehjlq wr zrun lpphgldwho|1 Wkh
htxloleulxp lq rxu jdph kdv vlplodu fkdudfwhulvwlfv/ dowkrxjk/ rxu prgho glhuv lq wzr pdlq
zd|v iurp wkrvh ri Gldprqg +4<;</ 4<<4, dqg Mrkq dqg Qdfkpdq +4<;8,1 Iluvw/ wkhlu pr0
gohv duh dssolhg wr h{sodlq surshuwlhv ri ghew pdunhwv dv rssrvhg wr htxlw| pdunhwv/ dqg
vhfrqg/ wkhlu prghov duh edvhg rq uhshdwhg jdphv +iroorzlqj Nuhsv dqg Zlovrq +4<;5, dqg
Plojurp dqg Urehuwv +4<;5,,/ zkloh rxu htxlw| prgho lv qrw d uhshdwhg jdph/ ehfdxvh ri lwv
ghshqghqfh rq d vwdwh yduldeoh +rzqhuvkls,16
Wkhuh lv dovr dq h{whqvlyh qdqfh olwhudwxuh rq jrlqj sxeolf dqg vljqdoolqj sureohpv1
Ohodqg dqg S|oh +4<::, frqfoxghg wkdw d pdqdjhu krogv vkduhv ri wkh up wr vljqdo wr
lqyhvwruv wkh lqirupdwlrq wkdw wkh up kdv d kljk pdunhw ydoxh +zklfk lv lqghshqghqw iurp
wkh pdqdjhu*v dfwlrq,1 Lq wklv zrun/ d pdqdjhu krogv frqfhqwudwhg htxlw| rzqhuvkls wr
surylgh d jxdudqwhh wr lqyhvwruv wkdw vkh lv zloolqj wr exlog d uhsxwdwlrq iru frqvxplqj orz
ohyhov ri sulydwh ehqhwv1 Dqrwkhu/ zhoo0nqrzq vljqdoolqj prgho lv Mrkq dqg Zlooldpv +4<;8,/
lq zklfk glylghqg sd|phqwv lv xvhg dv d vljqdo1 Wkh pdlq glhuhqfh ehwzhhq wkhvh vljqdoolqj
prghov dqg rxu prgho lv wkdw zh dgguhvv d pxowlshulrg vljqdoolqj sureohp1 Dovr/ wkh irfxv
lq rxu prgho lv qrw rq txhvwlrqv uhodwhg wr xqghusulflqj ri qhz lvvxhv/ vxfk dv lq Doohq
dqg Idxokdehu +4<;<,/ Zhofk +4<;<,/ Julqeodww dqg Kzdqj +4<;<,/ Vwrxjkwrq dqg ]hfkqhu
+4<<;,/ dqg Fkhppdqxu +4<<6,1 Lpsruwdqwo|/ lq rxu prgho wkh prwlydwlrq wr jr sxeolf lv
glyhuvlfdwlrq ri ulvnv/ xqolnh ]lqjdohv +4<<8,/ zkhuh wkh prwlydwlrq wr jr sxeolf lv wr h{wudfw
pruh vxusoxv iurp srwhqwldo ex|huv17
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq L suhvhqwv wkh prgho1 Vhfwlrq
LL vroyhv wkh frpsohwh lqirupdwlrq yhuvlrq ri wkh jdph dqg ghyhorsv d uhqhphqw iru wkh
shuihfw Ed|hvldq htxloleulxp frqfhsw iru vljqdoolqj jdphv1 Vhfwlrq LLL vroyhv iru wkh pxowl0
shulrg vljqdoolqj htxloleulxp ri wkh jdph1 Vhfwlrq LY ghyhorsv wkh pdlq uhvxowv ri wkh sdshu1
Vhfwlrq Y glvfxvvhv wkh hpslulfdo lpsolfdwlrqv dqg uhohydqfh ri wkh prgho/ dqg Vhfwlrq YL
frqfoxghv1 Wkh surriv ri doo sursrvlwlrqv duh lq wkh dsshqgl{1
6Vhh dovr Fkhppdqxu dqg Ixojklhul +4<<7, iru d prgho zkhuh lqyhvwphqw edqnv fdq ghyhors d uhsxwdwlrq
iru surgxfwlrq ri lqirupdwlrq1
7Vhh dovr Phoor dqg Sduvrqv +4<<;, iru d prgho ri jrlqj sxeolf wkdw dovr wdnhv lqwr dffrxqw wkh ￿qdo
rzqhuvkls vwuxfwxuh ri wkh ￿up1
8LW k h P r g h o
Wkh sureohp lv prghohg dv d vwrfkdvwlf g|qdplf jdph zlwk lqfrpsohwh lqirupdwlrq dqg
d q l w hq x p e h ur is h u l r g v+ Ashulrgv,1 Wkh sod|huv lq wkh jdph duh d ulvn0dyhuvh rzqhu0
pdqdjhu dqg lqyhvwruv lq d frpshwlwlyh vwrfn pdunhw1 Wkh pdqdjhu fkrrvhv lq hyhu| shulrg
krz pdq| vkduhv wr wudgh dqg ghflghv krz pxfk hruw wr h{huw> wkh pruh hruw kh h{huwv/ wkh
kljkhu duh wkh h{shfwhg fdvk  rzv ri wkh up1 Wkh frvwv ri h{huwlqj hruw duh lqfxuuhg e| wkh
pdqdjhu/ dqg lqyhvwruv gr qrw nqrz wkh pdqdjhu*v frvw ixqfwlrq +klv w|sh,> kh fdq eh ri d
kljk w|sh ru orz w|sh li klv frvwv ri xqghuwdnlqj hruw duh orz ru kljk/ uhvshfwlyho|1 Wkh ohyho
ri hruw h{huwhg e| wkh pdqdjhu gxulqj hyhu| shulrg lv dvvxphg wr eh shuihfwo| revhuydeoh e|
lqyhvwruv/ zlwk d odj/ dowkrxjk lw fdqqrw eh yhulhg1 Dq dowhuqdwlyh lqwhusuhwdwlrq ri hruw
ohyhov lq wkh prgho/ iroorzlqj Jurvvpdq dqg Kduw +4<;;,/ lv wkdw wkh pdqdjhu fdq glyhuw iru
klpvhoi d iudfwlrq ri wkh fdvk  rz ru h{wudfw sulydwh ehqhwv ri frqwuro> lq wklv lqwhusuhwdwlrq
lqyhvwruv nqrz qhlwkhu krz pxfk wkh pdqdjhu fdq glyhuw qru wkh frvw ri glyhuwlqj fdvk  rz1
Lqlwldoo|/ dw shulrg | 'f cwkh pdqdjhu lv wkh vroh rzqhu ri d up wkdw surgxfhv d ulvn|
vwuhdp ri fdvk  rzv iru d wrwdo ri A0shulrgv/ E+|
A
|’￿  W k h u p * vf d v k r z vl qd q |s h u l r g
ghshqg erwk rq lqghshqghqw udqgrp vkrfnv #| d q gr qw k hp d q d j h u * vh  r u wo h y h of k r l f h v 1
Lq hyhu| shulrg/ | ' ccAc wkh pdqdjhu lv doorzhg wr wudgh vkduhv zlwk lqyhvwruv1 Wkh
rzqhu0pdqdjhu lv ulvn0dyhuvh dqg wkxv wkhuh h{lvwv d srvvlelolw| ri jdlqv iurp wudglqj zkhq
wkh rzqhu0pdqdjhu fdq vkduh wkh lglrv|qfudwlf ulvn zlwk lqyhvwruv1 Zh ghqrwh wkh pdqdjhu
htxlw| rzqhuvkls fkrlfh lq shulrg | dv k| +shufhqwdjh ri wkh wrwdo qxpehu ri vkduhv, dqg/
vlqfh kh lv lqlwldoo| wkh vroh rzqhu/ kf ' Pdqdjhuv dovr fkrrvh dq hruw ohyho e| lq hyhu|
shulrg> wkh| fkrrvh hruw ehiruh revhuylqj wkh uhdol}dwlrq ri wkh udqgrp vkrfnc dqg wkhlu
fkrlfhv duh shuihfwo| revhuyhg e| rxwvlgh lqyhvwruv lq wkh iroorzlqj shulrg +diwhu hruw kdv
lq xhqfhg wkh sxeolfo| revhuyhg fdvk  rzv,1 Wkh sureohp lv irupdoo| htxlydohqw wr rqh lq
zklfk wkh pdqdjhu fkrrvhv vlpxowdqhrxvo| dw hyhu| shulrg d pxowlglphqvlrqdo vljqdo Ek|ce |c
z k l f kl vr e v h u y h ge |l q y h v w r u v /z k h u hw k hh  r u wf k r l f he |lq xhqfhv wkh |   shulrg fdvk
 rz1 Wkh surgxfwlrq ixqfwlrq lv iru frqyhqlhqfh ghqhg dv +| ' +| Ee|n￿c#| dqg wkh hruw
yduldeoh kdv ehhq qrupdol}hg vr wkdw wkh h{shfwhg fdvk  rz lv htxdo wr wkh ohyho ri hruw=
. d+| Ee|n￿c#|o ' e|n￿1
Lq wkh prgho wkhuh duh wzr revhuydwlrqdoo| lqglvwlqjxlvkdeoh w|shv ri pdqdjhud kljk
9w|sh/ w ' w/ dqg d orz w|sh/ w ' wc zlwk glhuhqw frvwv ri h{huwlqj hruw1 Dowkrxjk
wkh pdqdjhu nqrzv klv rzq w|sh/ lqyhvwruv nqrz rqo| wkh sulru suredelolw| glvwulexwlrq ri





dqg ghshqgv rq wkh xqrevhuydeoh w|shv1
Htxlydohqwo|/ lqvwhdg ri pdqdjhuv kdylqj glhuhqw dqg xqrevhuydeoh frvwv ri h{huwlqj
hruw/ pdqdjhuv frxog eh glhuhqw zlwk uhvshfw wr wkh dprxqw ri sulydwh ehqhwv wkh| jhw
iurp glyhuwlqj fdvk  rzv iurp wkh up1 D vlpsoh glyhuvlrq prgho wkdw zloo eh xvhg lq
h{dpsohv lv vshflhg dv iroorzv1 D pdqdjhu ri w|sh w fdq h{wudfw xs wr d iudfwlrq Kw ri fdvk
 rz dw hyhu| shulrg= w|sh w lv wkh kljk w|sh wkdw lv frpsohwho| krqhvw dqg qhyhu h{wudfwv
sulydwh ehqhwv +Kw 'f  cdqg w|sh w lv wkh orz w|sh wkdw fdq h{wudfw xs wr d iudfwlrq K ri
fdvk  rz +Kw ' Kc f 	K1 Vr/ li wkh fdvk  rz lq shulrg | lv +| wkh orz w|sh frxog h{wudfw
lq sulydwh ehqhwv K+| dqg wkh plqrulw| vkduhkroghuv uhfhlyh d yhuldeoh fdvk  rz ri rqo|
E  K+|1
Wkh h{whqvlyh irup ri wkh jdph lv dv iroorzv1 Dw hdfk shulrg | wkh suhylrxv klvwru| ri wkh
jdph lv nqrzq e| doo sod|huv Wkh pdqdjhu pryhv e| fkrrvlqj vlpxowdqhrxvo| d qhz iudfwlrq
ri htxlw| rzqhuvkls dqg hruw ohyho Ek|ce |czklfk duh wkh pdqdjhu*v |0shulrg vljqdov1 Diwhu
revhuylqj wkh pdqdjhu*v vljqdov/ lqyhvwruv xsgdwh wkhlu sulru eholhiv derxw wkh pdqdjhu w|sh
dqg sulfh vkduhv lq wkh pdunhw dffruglqjo|1 Lqyhvwruv sulfh vkduhv frpshwlwlyho|Ehuwudqg
sulflqj frpshwlwlrqdqg wudglqj lv uhdol}hg dw wkh pdunhw fohdulqj sulfh | +sulfh shu vkduh
pxowlsolhg e| wkh qxpehu ri vkduhv,1 Wkh jdph frqwlqxhv dv ghvfulehg deryh dw wkh qh{w
shulrg xqwlo d qdo shulrg lv uhdfkhg8
Zh hpskdvl}h wkdw wkh pdqdjhu lv dvvxphg qrw wr eh deoh wr frpplw wr d orqj0whup
vwudwhj|/ ru frpplw wrgd| wr sod| d suhghwhuplqhg vwudwhj| lq wkh ixwxuh1 Wkh vkruw0whup
qdwxuh ri wkh sureohp ru wkh odfn ri frpplwphqw lv dq hvvhqwldo ihdwxuh ri wkh prgho19
Wkh sd|rv iru pdqdjhuv dqg lqyhvwruv duh vshflhg dv iroorzv/ iru dq| jlyhq klvwru| ri
8Lq wkh lqlwldo shulrg w @4wkhuh lv qr fkrlfh ri h￿ruw/ h4 @ > +ehfdxvh wkh ￿up jhqhudwhv qr fdvk  rz
lq shulrg w @3 , >dqg lq wkh odvw shulrg W .4wkhuh lv qr wudglqj/ ￿W.4 @ ￿W> exw wkh pdqdjhu fkrrvhv dq
h￿ruw ohyho hW.4 +zklfk ghwhuplqhv wkh W￿shulrg fdvk  rz,1
9Zh ghsduw iurp wkh sulqflsdo0djhqw olwhudwxuh e| dvvxplqj wkdw qr orqj0whup lqfhqwlyh frqwudfwv fdq eh
zulwwhq dqg2ru hqirufhg1 Wklv fdq eh prwlydwhg e| wkh odfn ri yhul￿delolw| ri yduldeohv/ wkh odfn ri delolw|
ri frxuwv wr hqirufh frqwudfwv/ ru wkh delolw| ri pdqdjhuv zlwk frqwuro wr pdqlsxodwh yduldeohv ru wr fkdqjh
frqwudfwv gxulqj wkhlu olih1
:pryhv An￿ ' iEk|ce |c |j
An￿
|’￿  Wkh pdqdjhu*v xwlolw| ghshqgv rq klv qhw zruwk dw wkh hqg
ri wkh jdph/ htxdo wr A '
An￿ [
|’￿









wkh uvw whup fruuhvsrqgv wr uhyhqxhv iurp wudglqj vkduhv/ wkh vhfrqg whup wr glylghqgv
uhfhlyhg/ dqg wkh odvw whup wr klv frvwv ri h{huwlqj hruw +ghqh Sf  f dqg +f  f1
Wkh ulvn0dyhuvh pdqdjhu kdv d yrq Qhxpdqq0Prujhqvwhuq xwlolw| ixqfwlrq wkdw lv qhjd0
wlyh h{srqhqwldo lq klv wrwdo zhdowk1: Wkh pdqdjhu*v xwlolw| lv wkhq . di TEAo dqg
klv remhfwlyh lv wr pd{lpl}h klv xwlolw| +iru vlpsolflw|/ wkh frh!flhqw ri ulvn0dyhuvlrq lv
pdgh htxdo wr ,1 H{shfwhg ydoxhv duh wdnhq zlwk uhvshfw wr wkh glvwulexwlrq ri wkh h{0
rjhqrxv udqgrp vkrfnv wr wkh fdvk  rz1 D qlfh surshuw| ri wkh qhjdwlyh h{srqhqwldo xwlolw|
ixqfwlrq lv wkdw wkh pdqdjhu*v xwlolw| dw wlph | lv lqghshqghqw ri klv fxuuhqw zhdowk/ dqg












1 Wkxv/ wkh sureohp ri
wkh pdqdjhu ri w|sh w dw wkh vwduw ri hyhu| shulrg | lv wr fkrrvh vwudwhjlhv ik￿ce ￿j
An￿
￿’| wkdw
pd{lpl}h wkh remhfwlyh ixqfwlrq . di Td|cAoo Dqrwkhu frqyhqlhqw surshuw| ri wkh h{sr0
qhqwldo xwlolw| dqg wkh lqghshqghqfh ri wkh udqgrp vkrfnv doorzv iru d ixuwkhu vlpsolfdwlrq
ri wkh pdqdjhu*v remhfwlyh ixqfwlrq +vhh Ohppd 4 lq wkh dsshqgl{,1 Pdqdjhuv* sureohp fdq






Ek￿3￿  k￿￿ n ￿3￿ Ek￿3￿ce ￿cw +4,
zkhuh wkh ixqfwlrq | Ek|ce |n￿cw'*L}. di Tdk|+| Ee|n￿c#|S |Ee |n￿c#|cwoo Wkurxjk0
rxw wkh sdshu/ zh zloo eh frqvlghulqj wkh uhirupxodwhg xwlolw| ixqfwlrq zlwk wkh iroorzlqj
uhjxodulw| frqglwlrqv lpsrvhg rq | Ek|ce |n￿cwG
Dvvxpswlrq 4 Iru doo |c wkh ixqfwlrq Ekcecw lv wzlfh glhuhqwldeoh dqg vdwlvhv wkh iro0
orzlqj frqglwlrqv=
:Wr dyrlg frpsolfdwlrqv dvvrfldwhg zlwk vdylqjv dqg frqvxpswlrq ghflvlrqv lq dq lqwhuwhpsrudo iudph0
zrun/ wkh pdqdjhu lv dvvxphg wr frqvxph klv wrwdo zhdowk dw wkh hqg ri wkh jdph1
;+D4, Uhjxodulw| frqglwlrqv= k  f/  Ekcecw lv frqfdyh lq Ekce/ ke  f dqg k  e>









Wkh uhjxodulw| frqglwlrqv lpsrvhg hvvhqwldoo| vwdwh wkdw wkh pdujlqdo ydoxh ri vkduhv gh0
fuhdvhv zlwk rzqhuvkls/ wkh pdujlqdo ydoxh ri hruw ghfuhdvhv zlwk hruw/ dqg glyhuvlfdwlrq
ri ulvn lv h!flhqw1 Wkh vhfrqg frqglwlrq lv wkh idploldu vlqjoh0furvvlqj surshuw| ri wkh vwdwlf
pxowlglphqvlrqdo vljqdoolqj jdph1;
Lqyhvwruv duh ulvn0qhxwudo +lqyhvwruv glyhuvli| wkh lglrv|qfudwlf ulvn ri wkh up,/ pd{lpl}h
h{shfwhg uhwxuq/ dqg wkh uhtxluhg udwh ri uhwxuq lv htxdo wr }hur1 D vkduh ri vwrfn sd|v dw
shulrg | d glylghqg htxdo wr wkh h{shfwhg fdvk  rz +| Lqyhvwruv* uhwxuqv wkxv ghshqg qrw
rqo| rq wkh dfwlrqv ri wkh pdqdjhu dw wlph | exw dovr rq klv ixwxuh dfwlrqv1 Vwrfn sulfhv duh
wkhq/ lq d frpshwlwlyh lqyhvwphqw pdunhw/ htxdo wr wkh vxp ri ixwxuh h{shfwhg fdvk  rzv=
| ' .| d+| n n+ Ao +5,
Ilqdoo|/ wkh htxloleulxp frqfhsw xvhg wkurxjkrxw wkh sdshu lv shuihfw Ed|hvldq htxlole0
ulxp +SEH,/ zlwk wkh uhqhphqw frqfhsw lqwurgxfhg lq wkh iroorzlqj vhfwlrq1
LL Suholplqdulhv dqg Uhqhphqw Frqfhswv
D Wkh Frpsohwh Lqirupdwlrq Jdph
Wkh g|qdplf jdph sursrvhg lq wkh suhylrxv vhfwlrq lv sduwlfxoduo| vlpsoh wr vroyh zkhq
wkhuh lv frpsohwh lqirupdwlrq derxw wkh pdqdjhu w|sh Wklv lv wkh g|qdplf yhuvlrq ri wkh
Mhqvhq dqg Phfnolqj +4<:9, djhqf| sureohp/ zkhuh wkhuh lv d nqrzq prudo kd}dug sureohp
dqg wkh pdqdjhu lv dvvxphg wr eh xqdeoh wr frpplw qrw wr vklun ru glyhuw fdvk  rz iurp
wkh up diwhu kdylqj uhgxfhg klv rzqhuvkls vwdnh1
Wkh frpsohwh lqirupdwlrq jdph zlwk qr frpplwphqw kdv d xqltxh vxejdph shuihfw
htxloleulxp wkdw fdq eh hdvlo| rewdlqhg e| edfnzdugv lqgxfwlrq dv iroorzv1 Lq wkh odvw
ghflvlrq shulrg/ | ' A n cwkhuh lv qr wudglqj/ vr kAn￿ ' kA dqg wkh pdqdjhu ri w|sh w
fkrrvhv d ohyho ri hruw eAn￿ wkdw vroyhv wkh sureohp 4@ eAn￿ A EkAce An￿cwOhw eAn￿ EkAcw
;Wklv lv wkh vdph frqglwlrq xvhg e| Fkr dqg Vreho +4<<3,1
<eh wkh vroxwlrq ri wkh sureohp dqg ohw TA EkAcweh wkh ydoxh ri wkh pd{lpl}dwlrq sureohp1
Wkh htxloleulxp sulfh ri vkduhv lq shulrg | ' A lv wkhq jlyhq e| A EkAcw'e A n￿ EkAcw
ehfdxvh lqyhvwruv dqwlflsdwh wkh pdqdjhu*v fkrlfh ri hruw lq wkh qh{w shulrg1
Surfhhglqj uhfxuvlyho|/ zh kdyh wkdw wkh fkrlfh ri hruw dqg rzqhuvkls e| wkh pdqdjhu
dw dq| shulrg | ' ccA lv jlyhq e| ie| Ek|3￿cwck |Ek |3￿cwjcwkh vroxwlrq ri wkh frpsohwh
lqirupdwlrq sureohp=
T|3￿ Ek|3￿cw' 4 @  
t k |ce|￿
Ek|3￿  k|| Ek|cwn | 3 ￿E k | 3 ￿ce |cwnT |E k |cw +6,
zkhuh wkh sulfh ri vkduhv dw shulrg | lv ghqhg uhfxuvlyho| dv | Ek|cw'e | n￿ Ek|cwn
 | n￿ Ek|n￿ Ek|cwcwc dqg T|3￿ Ek|3￿cw lv wkh htxloleulxp xwlolw| ri wkh pdqdjhu zkr rzqv
k|3￿ vkduhv lq wkh vxejdph vwduwlqj lq shulrg | +ydoxh ri wkh shulrg | pd{lpl}dwlrq sureohp,1
Zh kdyh mxvw hvwdeolvkhg wkh iroorzlqj uhvxow1
Sursrvlwlrq 4 Wkhuh lv d xqltxh vxejdph shuihfw htxloleulxp ri wkh jdph zlwk frpsohwh
lqirupdwlrq dqg qr frpplwphqw1 Wkh xqltxh htxloleulxp vwudwhjlhv duh dv iroorzv= lq dq|
shulrg | zkhuh wkh pdqdjhu rzqv k|3￿ vkduhv/ wkh htxloleulxp fkrlfhv duh e| Ek|3￿cw dqg
k| Ek|3￿cwdqg lqyhvwruv uhvsrqgv zlwk d sulfh | Ek|cwjlyhq e| wkh vroxwlrq ri wkh frpsohwh
lqirupdwlrq sureohp +6,
Lw lv dovr ri lqwhuhvw wr ghyhors w k h u v we h v wr x w f r p hwkdw rzqhu0pdqdjhuv frxog dfklhyh li
wkh| zhuh deoh wr frpplw wr dq h!flhqw ohyho ri hruw iru wkh ixwxuh ru zulwh hqirufhdeoh frq0
wudfwv edvhg rq revhuydeoh yduldeohv wkdw frxog jlyh wkhp lqfhqwlyhv wr h{huw dq rswlpdo ohyho
ri hruw1 Pdqdjhuv zrxog wkhq frpplw wr d sdwk ri rzqhuvkls dqg hruw ik|ce |j
An￿
|’￿ c zlwk d
vkduh sulfh htxdo wr | '
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￿’| e￿n￿c zklfk pd{lpl}hv
An￿ [
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Ek|3￿  k|| n |3￿ Ek|3￿ce |cw
Wkh frqglwlrqv lq Dvvxpswlrq 4 hdvlo| lpso| wkdw wkh ydoxh ri wkh up iru wkh pdqdjhu lq wkh
uvw ehvwghqhg dv T f Ewlv vxfk wkdw pdqdjhuv vkduh doo wkh ulvn zlwk lqyhvwruv/ kW
| 'f c
dqg fkrrvh dq h!flhqw ohyho ri hruw eW
|n￿ Ewc vroxwlrq ri 4@ e|n￿ n | Efce |n￿cw1
Dw wkh rwkhu h{wuhph/ upv gr qrw jr sxeolf dqg uhpdlq dv forvho| khog frqfhuqv1 Lq




|’￿ |3￿ Ece |cw1
43Zh zloo eh frpsdulqj wkh htxloleulxp lq wkh wkuhh h{wuhph fdvhv ghyhorshg deryh zlwk
wkh htxloleulxp zkhq wkhuh lv lqfrpsohwh lqirupdwlrq derxw wkh pdqdjhu w|sh1 Reylrxvo|/ lq
wkh lqfrpsohwh lqirupdwlrq jdph wkh uvw ehvw rxwfrph fdqqrw eh lpsohphqwhg e| dq| Qdvk
htxloleulxp/ dqg zh zloo dovr vhh wkdw wkh rxwfrph ri wkh orz w|sh +kljk w|sh, pdqdjhu zlwk
lqfrpsohwh lqirupdwlrq lv ehwwhu wkdq +zruvh wkdq, wkh rxwfrph lq wkh frpsohwh lqirupdwlrq
jdph1 Lq rwkhu zrugv/ wkh orz w|sh ghulyhv uhqwv dw wkh h{shqvh ri wkh kljk w|sh lq wkh
lqfrpsohwh lqirupdwlrq htxloleulxp1 D surw0pd{lpl}hu kljk0w|sh pdqdjhu wkhq pljkw eh
gulyhq rxw ri wkh sxeolf pdunhwv dqg qrw jr sxeolf ehfdxvh ri d ohprqv sureohp1 Zkhq
jrlqj sxeolf d kljk w|sh zloo fhuwdlqo| wu| wr vhqg vljqdov wr lqyhvwruv wkdw kh lv ri d kljk
w|sh/ wkurxjk klv wudglqj ri vkduhv dqg rwkhu revhuydeoh yduldeohv vxfk dv klv fkrlfh ri hruw/
lq rughu wr ihwfk d kljkhu vwrfn sulfh1 Reylrxvo|/ lqyhvwruv nqrz wkdw orz w|shv dovr pljkw
kdyh lqfhqwlyhv wr eh plplfnlqj wkh kljk w|shv1 Rxu jrdo lv wr ghwhuplqh wkh htxloleulxp ri
wklv pxowlshulrg vljqdoolqj jdph1
E Wkh Uhqhphqw Frqfhsw
Lw lv zhoo nqrzq wkdw vljqdoolqj jdphv vxfk dv wkh rqh zh duh dqdo|}lqj kdyh d pxowlsolflw| ri
shuihfw Ed|hvldq htxloleuld +SEH,1 Zh zloo ghyhors lq wklv vxe0vhfwlrq d qdwxudo uhqhphqw
frqfhsw wkdw zloo |lhog d xqltxh htxloleulxp rxwfrph iru rxu pxowlshulrg vljqdoolqj sureohp1
Wkhuh duh pdq| SEH iru vljqdoolqj jdphv ehfdxvh wklv htxloleulxp frqfhsw grhv qrw
lpsrvh dq| uhvwulfwlrqv rq wkh rxw0ri0htxloleulxp eholhiv1 D qxpehu ri uhqhphqwv kdyh
ehhq sursrvhg wkdw dwwhpsw wr irupdol}h sodxvleoh uhvwulfwlrqv rq wkh rxw0ri0htxloleulxp
eholhiv1 Iru vljqdoolqj jdphv wkh prvw frpprqo| xvhg uhqhphqw lv wkh lqwxlwlyh fulwhulrq ri
Fkr dqg Nuhsv +4<;:,/ zklfk vhohfwv d vhsdudwlqj htxloleulxp iru rxu vljqdoolqj jdph1
Pdlodwk/ Rnxqr0Ixmlzdud/ dqg Srvwohzdlwh +4<<6, fulwlfl}h wkh orjlf ri wkh lqwxlwlyh ful0
whulrq dqg lqwurgxfh wkh frqfhsw ri xqghihdwhg htxloleulxp dorqj zlwk wkh frqfhsw ri oh{lfr0
judsklfdoo| pd{lpxp +oh{ pd{, shuihfw Ed|hvldq htxloleulxp1 Wkh| vkrz wkdw dq htxloleulxp
wkdw lv oh{ pd{ lv dovr xqghihdwhg dqg dujxh wkdw wkhvh uhqhphqwv duh pruh dssursuldwh iru
vljqdoolqj jdphv vxfk dv wkh rqhv zh duh vwxg|lqj1 Zh zloo eh xvlqj wkurxjk wklv sdshu wkh
oh{ pd{ SEH htxloleulxp frqfhsw1 Hyhq wkrxjk d frpsuhkhqvlyh glvfxvvlrq ri htxloleulxp
uhqhphqwv lv eh|rqg wkh vfrsh ri wklv sdshu/ zh zloo eulh | suhvhqw dq lqwxlwlyh dqg irupdo
44ghqlwlrq ri wkh oh{ pd{ frqfhsw1
Lqwxlwlyho|/ dq htxloleulxp j vdwlvhv wkh oh{ pd{ surshuw| li lw pd{lpl}hv wkh xwlolw| iru
wkh kljk0w|sh pdqdjhu dprqj d vhw ri SEH dqg li/ frqglwlrqdo rq pd{lpl}lqj wkh xwlolw|
iru wkh kljk w|sh/ lw dovr pd{lpl}hv wkh xwlolw| iru wkh orz w|sh1 Zh h{whqg wklv lqwxlwlyh
qrwlrq wr d pxowlshulrg vhwwlqj/ uhtxlulqj wkdw wkh oh{ pd{ surshuw| eh vdwlvhg iru doo
frqwlqxdwlrq jdphv1 Zh uhihu wr dq| vxejdph vwduwlqj iurp d klvwru| ri sdvw pryhv | zlwk
sulru glvwulexwlrq > ryhu w|shv dv wkh frqwlqxdwlrq jdph CE|c>
Pruh irupdoo|/ zh vd| wkdw d SEH Ejc> lv d oh{ pd{ htxloleulxp ri wkh pxowlshulrg jdph
li lw vdwlvhv wkh iroorzlqj wzr frqglwlrqv iru doo frqwlqxdwlrq jdphv1 Iluvwfrqglwlrq OP4lv
wkdw iru dq| klvwru| | wkh uhvwulfwlrq ri Ejc> wr wkh klvwru| |/ Ejc>￿￿|/ vdwlvhv wkh oh{
pd{ surshuw| iru wkh frqwlqxdwlrq jdph CE|c>Em |1 Vhfrqgfrqglwlrq OP5lv wkdw wkh
pd{lpl}dwlrq lq wkh oh{ pd{ surshuw| lv qrw ryhu wkh vhw ri doo SEH ri wkh frqwlqxdwlrq jdph/
exw lv uhvwulfwhg wr d vxevhw wkdw lv frqvlvwhqw zlwk wkh oh{ pd{ frqfhsw lq doo frqwlqxdwlrq
jdphv vwduwlqj dw |nWkh prwlydwlrq iru wklv uhvwulfwlrq lv wkdw li oh{ pd{ surshuw| lv wkh
frqfhsw wkdw sod|huv xvh wr fkrrvh dq htxloleulxp/ wkhq wkh rqo| fdqglgdwhv iru htxloleulxp
duh wkh SEH vwudwhjlhv wkdw dovr vdwlvi| wkh oh{ pd{ surshuw| zkhq uhvwulfwhg wr lwv vxejdphv1
Wkhvh lghdv duh irupdol}hg ehorz1
Dvvxpswlrq 5 Ejc> lv d oh{ pd{ SEH/ li lw lv d SEH dqg iru dq| klvwru| | wkh uhvwulfwlrq
wr wkh frqwlqxdwlrq jdph/ Ejc>￿￿|/ vdwlvhv wkh oh{ pd{ surshuw|1 Wkh vhw ri htxloleuld wkdw
vdwlvhv wkh oh{ pd{ surshuw| iru dq| frqwlqxdwlrq jdph lv ghqhg uhfxuvlyho| dv iroorzv=
Ejc>￿￿| 5 u E|c>Em | li dqg rqo| li Ejc>￿￿| lv d SEH ri wkh frqwlqxdwlrq jdph
CE|c>Em | d q gw k h u hh { l v w vq rE j ￿c> ￿ ￿￿ |cSEH ri CE|c>Em |c vxfk wkdw=
+OP4, < w vxfk wkdw Ej￿m|cw:E j m  |cwdqg iru w
￿ :w cE j ￿m  |cw
￿Ejm |cw
￿(dqg
+OP5, ;|n￿ frqvlvwhqw zlwk | zlwk | nA GE j ￿c> ￿ ￿￿ |n￿ 5 u E|n￿c> ￿Em |n￿1
F Wkh Vwdwlf Vljqdoolqj Jdph
Wkh htxloleulxp lq wkh vwdwlf jdph lv ghyhorshg lq wklv vhfwlrq dv d zd| wr looxvwudwh wkh
htxloleulxp wkdw lv vhohfwhg e| wkh uhqhphqw Dvvxpswlrq 5 lq d vlpsoh vhwwlqj1 Wklv rqh0
vkrw jdph dovr vhuyh dv d ehqfkpdun wr frpsduh wkh pxowlshulrg vljqdoolqj jdph zlwk d
vljqdoolqj jdph zkhuh pdqdjhuv fdqqrw ghyhors dq| uhsxwdwlrq1
45Wkh vwdwlf jdph lv vlplodu wr Vshqfh*v +4<:7, mre pdunhw vljqdoolqj prgho dqg wr wkh
htxlw| rhulqj prgho ri Ohodqg dqg S|oh +4<::,1 Wkhuh duh pdq| SEH lq wkh rqh0shulrg
vljqdoolqj jdph/ dqg wkh lqwxlwlyh fulwhulrq ri Fkr dqg Nuhsv +4<;:, vhohfwv d xqltxh SEH
htxloleulxp= wkh Uloh| vhsdudwlqj htxloleulxp1 Wklv lv wkh htxloleulxp lq zklfk wkh orz w|sh
fkrrvhv wr uhyhdo klv w|sh dqg pd{lpl}hv klv frpsohwh lqirupdwlrq xwlolw|1 Wklv fruuhvsrqgv
wr wkh orz w|sh rhulqj d iudfwlrq kEw'k ￿Ecwri vkduhv dw d sulfh htxdo wr  EkEwcwdqg
|lhogv d wrwdo xwlolw| ri Tf Ecwwr klp +vhh Vhfwlrq D,1 Wkh kljk w|sh/ rq wkh rwkhu kdqg/













n T￿Ekcw  TfEcw
Zh zloo vhh lq Sursrvlwlrq 5 ehorz wkdw wkhuh lv d xqltxh SEH htxloleulxp rxwfrph wkdw
vdwlvhv wkh uhqhphqw Dvvxpswlrq 5 iru wkh vwdwlf vljqdoolqj jdph1 Wklv htxloleulxp fdq
eh hlwkhu wkh Uloh| vhsdudwlqj htxloleulxp ru d srrolqj htxloleulxp ghshqglqj/ uhvshfwlyho|/
rq zkhwkhu wkh sursruwlrq ri kljk0w|sh pdqdjhuv lq wkh hfrqrp| lv vpdoo ru odujh1 Wklv lv
lq frqwudvw zlwk wkh lqwxlwlyh fulwhulrq wkdw dozd|v vhohfwv wkh Uloh| htxloleulxp/ uhjdugohvv
ri wkh sursruwlrq ri kljk w|shv1 Dv dujxhg e| Pdlodwk hw do1 +4<<6, dqg Ixghqehuj dqg
Wluroh +4<<4,/ fkrrvlqj d vhsdudwlqj htxloleulxp zkhq wkhuh lv rqo| d yhu| vpdoo suredelolw|
ri orz0w|shv lq wkh hfrqrp| grhv qrw pdnh pxfk hfrqrplf vhqvh ehfdxvh d vpdoo fkdqfh
ri h{lvwhqfh ri orz w|shv fdxvhv d odujh glvwruwlrqv lq doorfdwlrqv1 D srrolqj htxloleulxp
vhhpv wr eh d pruh vhqvleoh htxloleulxp vhohfwlrq iru vxfk sulruv ehfdxvh lw fdq vxssruw dq
htxloleulxp doorfdwlrq zlwk vpdoo glvwruwlrqv1
Dqrwkhu dgydqwdjh ri wkh htxloleulxp frqfhsw wkdw zh duh xvlqj lv wkdw zh fdq qdwxudoo|
dvvrfldwh wkh htxloleulxp rxwfrph zlwk d frqvwudlqhg pd{lpl}dwlrq sureohp1 Dvvxph wkdw
Ejc> lv d SEH lq zklfk wkh kljk w|sh fkrrvhv k dqg wkh uhvsrqvh ri lqyhvwruv wr wklv fkrlfh
lv wr xsgdwh wkhlu eholhiv wr > dqg rhu d sulfh  iru vkduhv Qhfhvvdu| frqglwlrqv iru wkh
wulsoh ikc>cj wr eh rq0wkh0htxloleulxp sdwk ri d SEH duh= +4, Ed|hv uxoh uhvwulfwv eholhiv





>n EkcwE>> dqg +6, li wkh htxloleulxp lv qrw srrolqj/ >:> f/w k h qw k h
lqfhqwlyh frpsdwlelolw| frqglwlrq pxvw eh vdwlvhg/ E  k n T￿ Ekcw  Tf Ecw
Wkh sureohp ri qglqj dq htxloleulxp wkdw vdwlvhv Dvvxpswlrq 5 fdq eh pdsshg lqwr
wkh pruh wudfwdeoh sureohp ri vroylqj wkh frqvwudlqhg pd{lpl}dwlrq=
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> n  EkcwE> +FF,
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 n T￿ Ekcw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clv wkh htxloleulxp rxwfrph iru wkh kljk w|sh/ dqg wkh htxloleulxp




'4 @  i E  kW W n T￿ EkWcwcT fEcwj
Zh suryh lq wkh qh{w sursrvlwlrq wkdw wkh vroxwlrq ri sureohp +7, lv dvvrfldwhg zlwk wkh
htxloleulxp ri wkh vwdwlf vljqdoolqj jdph wkdw vdwlvi| Dvvxpswlrq 51
Sursrvlwlrq 5 Wkhuh lv d xqltxh SEH rxwfrph iru wkh vwdwlf jdph vdwlvi|lqj uhqhphqw
Dvvxpswlrq 5 wkdw lv dvvrfldwhg zlwk wkh vroxwlrq ri surjudp +7,1 Wkhuh h{lvwv d sulru sure0
delolw| >f vxfk wkdw wklv htxloleulxp rxwfrph fdq eh hlwkhu wkh Uloh| vhsdudwlqj htxloleulxp
li >f 	 >f ru d srrolqj htxloleulxp iru >f  >f1 Wkh htxloleulxp sd|rv duh frqvwdqw lq
wkh sulru suredelolw| >f li >f 	 >f dqg duh prqrwrqlfdoo| lqfuhdvlqj dqg frqwlqxrxv lq >f li
>f  >f1
Vr wkh htxloleulxp rxwfrph lv d srrolqj htxloleulxp wkdw fkdqjhv frqwlqxdoo| dqg prqr0
wrqlfdoo| zlwk wkh sursruwlrq ri w|shv li wkh suredelolw| ri ehlqj d kljk w|sh lv deryh d
fhuwdlq wkuhvkrog >f1 Wkh htxloleulxp rxwfrph kdv d glvfrqwlqxlw| rqo| dw wkh srlqw zkhuh
wkh sulru eholhi lv htxdo wr >f/ zkhq wkhuh lv d wudqvlwlrq iurp wkh vhsdudwlqj htxloleulxp wr
wkh srrolqj htxloleulxp1 Vhh Iljxuh 4 iru d judsklfdo ghvfulswlrq ri wkh vroxwlrq ri wkh vwdwlf
htxloleulxp1
Lqvhuw Iljxuh 4 khuh
LLL Wkh Pxowlshulrg Vljqdoolqj Jdph
Wklv vhfwlrq fkdudfwhul}hv wkh htxloleulxp ri wkh pxowlshulrg vljqdoolqj jdph1 Wklv fkdudf0
whul}dwlrq lv wkhq xvhg lq wkh qh{w vhfwlrq wr ghulyh wkh frusrudwh qdqfh lpsolfdwlrqv ri wkh
prgho1
47Wkh uvw lqwhuhvwlqj glhuhqfh ehwzhhq wkh htxloleulxp lq wkh vwdwlf jdph dqg lq wkh
pxowlshulrg jdph lv wkdw wkh h{whqvlrq ri wkh vwdqgdug vhsdudwlqj htxloleulxp ri wkh vwdwlf
jdph lq jhqhudo idlov hyhq wr h{lvw lq wkh pxowlshulrg jdph zkhq wkh pdqdjhuv fdqqrw pdnh
orqj0whup frpplwphqwv qrw wr wudgh vkduhv lq wkh ixwxuh1
Wkh lqwxlwlrq iru wklv uhvxow lv wkdw wkh sd|r iru wkh orz0w|sh pdqdjhu iroorzlqj vhsd0
udwlrq dw dq LSR lv yhu| kljk li kh lplwdwhv wkh vhsdudwlrq vwudwhj| ri d kljk0w|sh pdqdjhu1
Wklv lv wkh fdvh ehfdxvh li wkh pdqdjhu sod|v wkh vhsdudwlqj vwudwhj| ri d kljk w|sh dw wkh
LSR wkh pdunhw zrxog dvvljq suredelolw| rqh wkdw wkh pdqdjhu lv ri wkh kljk w|sh1 Lq wkh
qh{w wudglqj shulrg/ wkrxjk/ d kljk0w|sh pdqdjhu zloo eh zloolqj wr glyhuvli| wkh ulvn dqg
glyhvw doo vkduhv/ dqg lqyhvwruv duh zloolqj wr sd| d idlu sulfh +zlwk qr djhqf| glvfrxqw, iru doo
vkduhv ehfdxvh wkh| qrz eholhyh wkdw wkh pdqdjhu lv ghqlwho| ri wkh kljk w|sh1 Krzhyhu/ d
orz0w|sh pdqdjhu fdq srwhqwldoo| lplwdwh wkh vwudwhj| ri wkh kljk w|sh dqg wkhuhiruh vhoo doo
vkduhv dw d sulfh zlwk qr glvfrxqw dqg/ qdwxudoo|/ h{wudfw dv pxfk sulydwh ehqhwv dv srvvleoh
diwhu vhoolqj1 Li wkh iudfwlrq ri sulydwh ehqhwv wkh orz w|sh fdq h{wudfw lv uhodwlyho| odujh/
wkhq/ hyhq li lqyhvwruv ex| qr vkduhv lq wkh uvw shulrg wklv lv qrw frvwo| hqrxjk wr vhsdudwh
wkh orz w|sh iurp wkh kljk w|sh1 Wkh orz w|sh zrxog suhihu qrw wr vhoo dq| vkduhv dqg wr
zdlw iru wkh qh{w shulrg zkhq kh frxog vhoo doo vkduhv zlwkrxw glvfrxqw1 Lw wkhq iroorzv wkdw
lw fdq zhoo eh wkh fdvh wkdw qr vhsdudwlqj htxloleulxp fdq h{lvw lq wkh pxowlshulrg jdph1
Frqvlghu iru frqfuhwhqhvv wkh glyhuvlrq prgho zkhuh wkh kljk0w|sh pdqdjhu fdqqrw glyhuw
wkh fdvk  rzv dqg wkh orz w|sh fdq glyhuw xs wr d iudfwlrq K ri wkh fdvk  rz1 Lq wkh
vhsdudwlqj htxloleulxp/ wkh orz w|sh uhyhdov klpvhoi lq wkh uvw shulrg/ vhoolqj doo wkh vkduhv
z l w kdg l v f r x q wr iKc dqg wkhuhdiwhu h{wudfwv d iudfwlrq K ri wkh fdvk  rz/ vr wkdw wkh xwlolw|
ri wkh orz w|sh lv Tf Ecw'
S A
| ’￿ E  K+| n | EKc zkhuh | Ek'*L}. di Tk+|o dqg
+| ' . dh +|o Wkh kljk w|sh pdlqwdlqv d kljk rzqhuvkls vwdnh lq wkh uvw shulrg/ dqg diwhu
uhyhdolqj klpvhoi lq wkh uvw shulrg wkhq glyhvwv doo vkduhv dw d sulfh zlwk qr glvfrxqw htxdo
wr
SA











| ’￿ +|c dqg orz0w|sh xwlolw| diwhu
wkh uvw shulrg zkhq lqyhvwruv eholhyh wkdw wkh pdqdjhu lv ghqlwho| ri wkh kljk w|sh lv
T￿ Ek￿ccw'k ￿
S A
| ’2 +| n ￿ Ek￿n
S A
| ’2 | EK Wklv lv wuxh ehfdxvh wkh orz w|sh fdq vhoo
doo uhpdlqlqj k￿ vkduhv dw wkh sulfh zlwk qr glvfrxqw lq shulrg 5/ jhw wkh ydoxh ri wkh ulvn|
48fdvk  rz ri shulrg 4 zlwk qr vwhdolqj/ ￿ Ek￿c dqg wkhq glyhuw d iudfwlrq K ri wkh fdvk  rzv
iurp shulrg 5 rq/ diwhu kdylqj vrog doo vkduhv1






n T￿ Ek￿ccwT fEcw +8,
z k l f kl vh t x l y d o h q ww r
S A
| ’￿ K+|  k￿+￿￿ Ek￿n￿EK1 D vlpsoh lqvshfwlrq ri wklv h{suhvvlrq
lqglfdwhv wkdw zkhqhyhu wkh prudo kd}dug sdudphwhu +K lv odujh hqrxjk wkhuh lv qr vhsdudwlqj
htxloleulxp/ ehfdxvh wkh OKV lv odujhu wkdq wkh UKV iru doo ydoxhv ri k￿ Wkh deryh uhvxowv
duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 6 Wkhuh h{lvwv d vhsdudwlqj SEH lq wkh pxowlshulrg vljqdoolqj jdph li dqg rqo|
li wkh lqfhqwlyh frpsdwlelolw| frqglwlrq +8, krogv iru vrph k￿ 5 dfco1I x u w k h u p r u h / l i w k h
ohyho ri prudo kd}dug lv odujh wkhq wkh pxowlshulrg jdph kdv qr vhsdudwlqj htxloleuld1
Li wkh vwdqgdug vhsdudwlqj htxloleulxp grhv qrw lq jhqhudo hyhq h{lvw/ zkdw lv wkhq wkh
htxloleulxp ri wkh jdphB Lq wkh uhpdlqghu ri wklv vhfwlrq zh suryh wkh h{lvwhqfh dqg xqltxh0
qhvv ri wkh htxloleulxp iru wkh pxowlshulrg jdph1 Zh dovr vkrz krz wr uhgxfh wkh sureohp
ri rewdlqlqj htxloleuld ri wkh jdph wr wkh vlpsohu sureohp ri vroylqj d g|qdplf surjudp1
Zh vwduw wklv dqdo|vlv e| dvvxplqj wkdw zh duh jlyhq htxloleulxp vwudwhjlhv iru doo frq0
wlqxdwlrq jdphv vwduwlqj lq shulrg | nzkhuh wkh pdqdjhu rzqv k| vkduhv dqg wkh pdunhw
eholhyhv wkdw wkh pdqdjhu*v w|sh lv jlyhq e| suredelolw| >| Surfhhglqj uhfxuvlyho|/ zh fdq
wkhq rewdlq zkdw lv wkh htxloleulxp dw wlph | 'f czkhq wkh pdqdjhu rzqv doo vkduhv dqg sulru
eholhiv duh >f Vxssrvh wkdw wkh htxloleulxp ydoxh lq hdfk vxfk frqwlqxdwlrq jdph lv htxdo wr
T| Ek|c> |cw i r udp d q d j h ur iw | s hwdqg wkh ydoxh ri vkduhv wr lqyhvwruv lv | Ek|c> |Zkdw
lv wkh htxloleulxp ri wkh |shulrg vljqdoolqj jdph wkdw vdwlvhv uhqhphqw Dvvxpswlrq 5
jlyhq dq| lqlwldo rzqhuvkls vwdnh k|3￿ dqg sulru eholhiv >|3￿B Lq rwkhu zrugv/ zkdw vwudwhj|
suroh dqg v|vwhp ri eholhiv Ej|c> | iru wkh shulrg | sod| lv erwk SEH dqg pd{lpl}hv wkh
xwlolw| ri wkh kljk w|shB
SEH lpsrvhv wkh iroorzlqj vhyhudo uhvwulfwlrqv rq wkh vwudwhjlhv wkdw fdq eh htxloleuld1
49Vd| wkdw wkh htxloleulxp vwudwhj| iru wkh kljk w|sh lv wr sod| EkW
|ce W
|1 < Wkh orz0w|sh pdqdjhu
fdq hlwkhu srro zlwk wkh kljk w|sh dqg sod| EkW
|ce W
| ru uhyhdo klpvhoi/ fkrrvlqj dq| rwkhu
dfwlrq1 Ri frxuvh/ li wkh orz w|sh ghflghv qrw wr srro zlwk wkh kljk w|sh kh vkrxog wkhq sod|
dffruglqj wr klv frpsohwh lqirupdwlrq rswlpxp +vhh sursrvlwlrq 4,/ zklfk fruuhvsrqgv wr
Ek|ce |'E k |E k | 3 ￿cwce |Ek |3￿cw dqg |lhogv xwlolw| iru wkh orz w|sh htxdo wr T|3￿ Ek|3￿cw
Vr zh fdq uhvwulfw rxu dwwhqwlrq wr vwudwhjlhv iru wkh orz w|sh zkhuh kh sod|v EkW
|ce W
|zlwk
suredelolw| q| dqg Ek|ce |zlwk suredelolw| q| Zh zloo vhh wkdw lw lv qhfhvvdu| wr frqvlghu
pl{hg vwudwhjlhv iru wkh orz w|sh/ vlqfh wkhuh pljkw qrw h{lvw dq| htxloleulxp lq zklfk
doo sod|huv xvh sxuh vwudwhjlhv1 Lqyhvwruv vkrxog uhvsrqg wr wkh vljqdov EkW
|ce W
| dqg Ek|ce |
wkdw duh sod|hg lq htxloleulxp frqvlvwhqwo| zlwk Ed|hv* uxoh= uvw/ zkhq EkW
|ce W
| lv sod|hg










sulfh vkduhv frqvlvwhqwo| dw  W
| ' | EkW
|c> W
|c wkh htxloleulxp ydoxh ri vkduhv jlyhq e| wkh
htxloleulxp vwudwhjlhv lq wkh frqwlqxdwlrq jdph +frqglwlrq FF,> vhfrqg/ zkhq Ek|ce | lv
sod|hg wkh| duh qrz vxuh wkdw wkh pdqdjhu lv ri wkh orz w|sh/ vr >| 'f cdqg wkh| sulfh
vkduhv dw  | ' | Ek|cw jlyhq e| wkh htxloleulxp lq wkh frpsohwh lqirupdwlrq jdph zlwk
w|sh w1
Ixuwkhupruh/ wkh Qdvk frqglwlrq iru wkh orz w|sh uhtxluhv wkdw jlyhq wkh uhvsrqvh ri
lqyhvwruv/ wkh orz w|sh vkrxog sod| EkW
|ce W
|i r uv x u h+ s r r o ,z k h q h y h uw k hx w l o l w |r iw k ho r zw | s h
iurp srrolqj lv juhdwhu wkdq wkh xwlolw| iurp vhsdudwlrq/ zklfk wkhq lpsolhv wkdw >W
| ' >|3￿
+frqglwlrq LF￿ Lq dgglwlrq/ zkhqhyhu wkh xwlolw| iurp srrolqj lv orzhu wkdq wkh xwlolw|
iurp vhsdudwlrq/ wkh orz w|sh vkrxog sod| Ek|ce |zlwk suredelolw| c zklfk wkhq lpsolhv wkdw
>W
| '+frqglwlrq LF2
Zh zloo vkrz wkdw wkh htxloleulxp wkdw lv SEH dqg vdwlvhv Dvvxpswlrq 5/ dqg wkxv
pd{lpl}hv wkh xwlolw| ri wkh kljk0w|sh pdqdjhu/ fdq eh dvvrfldwhg zlwk wkh vroxwlrq ri d
g|qdplf surjudpplqj sureohp1 Ohw xv ghqh wkh xwlolw| ixqfwlrq iru wkh |0shulrg vljqdoolqj
sureohp dv
| Ek|ce |c |c> |cw'E k | 3 ￿k | |n | 3 ￿E k | 3 ￿ce |cwnT |E k |c> |cw +9,
<Zlwkrxw dq| orvv ri jhqhudolw|/ zh zloo uhvwulfw rxu dwwhqwlrq wr vwudwhjlhv zkhuh wkh kljk w|sh sod|v rqo|
sxuh vwudwhjlhv +vhh Pdlodwk +4<<5,,1
4:zkhuh T| Ek|c> |cw dqg | Ek|c> | duh wkh htxloleulxp ydoxhv ri wkh | n  shulrg frqwlqxd0






k|ce |c |c> |cw

r|   >|  >|3￿ +E,
| ' | Ek|c> | +FF,










| dqg  W




lv wkh ydoxh ri wkh
surjudp1
Lq rughu wr frpsohwh wkh vshflfdwlrq ri wkh g|qdplf surjudp zh qhhg wr surylgh wkh
h{suhvvlrq iru wkh whuplqdo shulrg TA EkAc> Acw dqg A EkAc> Ac dv zhoo dv vkrz krz wr









Iluvw/ wkh whuplqdo shulrg/ | ' A n clv h{dfwo| olnh wkh whuplqdo shulrg ri wkh frpsohwh
lqirupdwlrq jdph dqdo|}hg lq vhfwlrq LL/ dqg wkxv wkh h{suhvvlrqv iru TA EkAc> Acw dqg





4@ iEk|3￿  kW
|W
| n |3￿ Ek|3￿ce W
|cwnT |E k W
|c> W
|cwcT |3￿Ek |3￿cwj ehfdxvh kh fdq hlwkhu
srro ru vhsdudwh1 Ilqdoo|/ wkh vwrfn sulfh lv jlyhq e| wkh frpshwlwlyh htxloleulxp frqglwlrq




















 | 3 ￿E k | 3 ￿cw +;,
Wkh qh{w sursrvlwlrq vkrzv wkdw wkhuh h{lvwv d vroxwlrq wr surjudp +:, dqg vkrzv krz
wr uhodwh wklv vroxwlrq wr dq htxloleulxp ri wkh jdph1
Sursrvlwlrq 7 Wkh pxowlshulrg jdph kdv d xqltxh SEH htxloleulxp rxwfrph wkdw vdwlvhv
Dvvxpswlrq 51 Ixuwkhupruh/ wkh htxloleulxp sdwk dqg wkh sd|rv iru pdqdjhuv dqg lqyhvwruv
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￿ w ￿ 4
￿ ￿
w >zklfk |lhogv wkh uhfxuvlrq h{suhvvlrq iru wkh vwrfn sulfh1
4;Wkh htxloleulxp ri wkh pxowlshulrg vljqdoolqj jdph kdv vhyhudo qryho fkdudfwhulvwlfv qrw
suhvhqw lq wkh vwdwlf jdph1 Iru hdvh ri h{srvlwlrq/ lw lv xvhixo wr frqfhqwudwh rq wkh glyhuvlrq
prgho lq zklfk wkh orz w|sh fdq glyhuw d iudfwlrq K ri wkh fdvk  rz1
Qrwh uvw wkdw wkh htxloleulxp sdwk iru wkh kljk0w|sh pdqdjhu lv ghwhuplqlvwlf dqg lv
jlyhq e| klv rzqhuvkls vwdnh kW
| dqg wkh vwrfn sulfh  W
| / wkh vroxwlrq ri Sureohp +:,1 Krzhyhu/
wkh htxloleulxp sdwk iru wkh orz0w|sh pdqdjhu lv vwrfkdvwlf ehfdxvh zlwk vrph suredelolw|
kh plplfv wkh kljk w|sh ru rwkhuzlvh uhyhdov klpvhoi wr eh h{sursuldwlqj vkduhkroghuv1 Lq
wkh uvw wlph zkhuh wkh orz w|sh ehkdyhv edgo|/ lqyhvwruv ohduq klv orz w|sh dqg wkh vwrfn




| 'E K  + |/ dqg kh glyhvwv doo klv vkduhv1
Wkh udwh dw zklfk wkh pdunhw ohduqv wkh lqirupdwlrq derxw wkh pdqdjhu lv jlyhq e| wkh
yduldeoh >W
| zklfk lv wkh suredelolw| wkdw wkh pdqdjhu lv ri d kljk w|sh jlyhq wkdw kh kdv
ehhq ehkdylqj zhoo1 Qdwxudoo|/ wkh sdwk ri >W
| lv qrq0ghfuhdvlqj1 Pruhryhu/ >W
|n￿ ' >W
| phdqv
wkdw lq htxloleulxp wkhuh lv qr glyhuvlrq ri wkh |0 s h u l r gf d v k r z+ s r r o l q j , >:> W
| n￿ :> W
|
phdqv wkdw wkhuh lv vrph suredelolw| ri glyhuvlrq ri wkh |0shulrg fdvk  rz +vhpl0srrolqj,>
dqg >W
|n￿ 'phdqv wkdw wkh orz w|shv ghqlwho| glyhuw wkh |0shulrg fdvk  rz +vhsdudwlrq,1
Ri frxuvh/ dw wkh odvw shulrg ri wkh jdph/ wkh orz w|shv dozd|v glyhuw/ dqg wkxv >W
An￿ ' 
Ixuwkhupruh/ wkh vwrfn sulfh  W
| dqg wkh suredelolw| >W
| d u hu h o d w h gl qd qh f r q r p l f d o o |
phdqlqjixo zd| e| dq h{suhvvlrq ghulyhg iurp htxdwlrq +;,1 Iru h{dpsoh/ wkh vwrfn sulfh dw



























|n￿ lv wkh xqfrqglwlrqdo suredelolw| ri qr glyhuvlrq ri wkh |0shulrg fdvk  rz/
+| lv wkh h{shfwhg fdvk  rz jlyhq wkdw wkhuh lv qr glyhuvlrq/ dqg +
| lv wkh h{shfwhg fdvk  rz
zlwk glyhuvlrq1
Zh zloo vkrz wkdw wkh pxowlshulrg htxloleulxp lv vxfk wkdw wkhuh lv d srvlwlyh suredelolw|
wkdw wkh orz w|sh zloo ehkdyh zhoo lq wkh ehjlqqlqj ri wkh jdph iroorzhg e| h{sursuldwlrq
wrzdug wkh hqg ri wkh jdph1 Wkhvh dqg rwkhu qryho surshuwlhv ri wkh pxowlshulrg htxloleulxp
duh glvfxvvhg lq pruh ghwdlo lq wkh iroorzlqj vhfwlrq1
4<LY Frusrudwh Ilqdqfh Uhvxowv
Wklv vhfwlrq ghyhorsv wkh pdlq uhvxowv ri wkh sdshu1 Zh vkrz wkdw pdqdjhuv fdq ghyhors d
uhsxwdwlrq iru qrw h{sursuldwlqj plqrulw| vkduhkroghuv ru h{huwlqj kljk ohyhov ri hruw1 Wklv
uhsxwdwlrq hhfw fdxvhv d vljqlfdqw lqfuhdvh lq wkh vwrfn sulfh dqg uhgxfhv wkh lqh!flhqflhv
dvvrfldwhg zlwk djhqf| sureohpv idflolwdwlqj upv wr jr sxeolf1 Olnhzlvh/ rxu uhvxowv vxjjhvw
wkdw wkh udwh ri jurzwk ri wkh up grhv qrw kdyh d vljqlfdqw hhfw rq lwv uhsxwdwlrq0exloglqj
delolw|1 Ixuwkhupruh/ zh vkrz wkdw wkhuh lv d qhjdwlyh uhodwlrqvkls ehwzhhq wkh ghjuhh ri
prudo kd}dug dqg erwk wkh vl}h ri wkh eorfn wkdw lv glyhvwhg dw wkh LSR dqg wkh udwh ri
glyhvwxuh ri vkduhv ryhu wlph diwhu wkh LSR1
Rxu jrdo lv wr dqdo|}h wkh htxloleulxp rxwfrph ri wkh pxowlshulrg jdph dqg ghyhors wkh
frpsdudwlyh vwdwlfv dqdo|vlv ri wkh htxloleulxp1 Wkh yduldeohv ri lqwhuhvw wr xv duh wkh sdwk ri
lqvlghu rzqhuvkls kW
|c wkh vkduh sulfh  W
| c dqg lqyhvwruv* lqirupdwlrq derxw wkh pdqdjhu >W
|c doo
jlyhq e| wkh uhvxowv ri Sursrvlwlrq 71 Dovr/ zh xvh wkh htxloleulxp sd|rv ri rzqhu0pdqdjhuv
wr ghwhuplqh krz olnho| wkh up lv wr jr sxeolf1
Vlqfh d forvh irup vroxwlrq iru wkh pxowlshulrg htxloleulxp lv qrw rewdlqdeoh/ zh xvh
qxphulf vlpxodwlrqv wr ghulyh rxu uhvxowv1 Wkh vlpxodwlrqv zhuh shuiruphg xvlqj wkh glyhuvlrq
prgho lq zklfk pdqdjhuv fdq hlwkhu eh ri d kljk w|sh wkdw grhv qrw glyhuw fdvk  rzv ru d orz
w|sh wkdw fdq glyhuw d iudfwlrq K ri wkh fdvk  rz1 Wkh sdudphwhuv lq wkh frpsdudwlyh vwdwlfv
dqdo|vlv duh wkh lqlwldo suredelolw|   >f wkdw wkh pdqdjhu lv ri d orz w|sh +wkh dv|pphwu|
ri lqirupdwlrq sdudphwhu, dqg wkh prudo kd}dug sdudphwhu K Dv d sur{| iru wkh ghjuhh ri
prudo kd}dug zh xvh KE  >fc zklfk lv htxdo wr wkh h{shfwhg iudfwlrq ri wkh fdvk  rz wkdw
fdq eh glyhuwhg e| wkh pdqdjhu144
Zh zloo irupxodwh dqg wkhq h{sodlq hdfk ri wkh pdlq uhvxowv lq wkh uhpdlqghu ri wkh
vhfwlrq1
Uhvxow 4 Dw wkh LSR/ d eorfn ri vkduhv lv glyhvwhg/ dqg iroorzlqj wkh LSR/ vkduhv duh judg0
xdoo| glyhvwhg1 Wkh vl}h ri wkh eorfn vrog lq wkh LSR dqg wkh udwh dw zklfk vkduhv duh glyhvwhg
ryhu wlph duh qhjdwlyho| uhodwhg wr wkh ghjuhh ri prudo kd}dug1
44Zh ghyhorshg d frpsxwhu surjudp wr rewdlq wkh qxphulfdo uhvxowv1 Wkh surjudp zdv zulwwhq lq PDW0
ODE dqg lv dydlodeoh xsrq uhtxhvw1
53Rxu uvw uhvxow h{whqgv wr d pxowlshulrg jdph wkh vwdwlf jdph uhvxow wkdw wkh dprxqw ri
vkduhv uhwdlqhg e| wkh pdqdjhu wr vljqdo klv w|sh lv qhjdwlyho| fruuhodwhg zlwk wkh ghjuhh ri
prudo kd}dug1
Wkh pdlq wudgh0r idfhg e| wkh kljk0w|sh pdqdjhu lq klv fkrlfh ri glyhvwlwxuh lv/ lqwx0
lwlyho|/ rqh ri vhoolqj vkduhv dw d orz sulfh wrgd| lq rughu wr eh deoh wr vhoo vkduhv dw d kljkhu
sulfh lq wkh ixwxuh1 Pruh vshflfdoo|/ zkhq kh glyhuwv pruh vkduhv lq wkh fxuuhqw shulrg wkh
vwrfn sulfh lq wkh fxuuhqw shulrg lv orzhu/ exw wkhuh lv pruh glyhuvlfdwlrq ri ulvn dqg wkh
vwrfn sulfh lq ixwxuh shulrgv lv kljkhu ehfdxvh lqyhvwruv xsgdwh wkhlu eholhiv wkdw wkh pdqdjhu
lv ri d kljk w|sh e| d odujhu dprxqw zkhq wkh pdqdjhu rzqv ihzhu vkduhv dqg wkhuh lv qr
glyhuvlrq ri fdvk  rzv1 Wkhuhiruh/ kh wudghv r pruh glyhuvlfdwlrq ri ulvn dqg d kljkhu
vkduh sulfh lq wkh ixwxuh djdlqvw d kljkhu vkduh sulfh lq wkh fxuuhqw shulrg lq klv fkrlfh ri
glyhvwlwxuh ri vkduhv1
Iljxuh 5 ghslfwv wkh htxloleulxp sdwk ri lqvlghu rzqhuvkls/ kW
|c dqg wkh sdwk iru wkh
suredelolw| ri ehlqj d kljk w|sh/ >W
|c iru d jdph zlwk 2f shulrgv1 Wkh jxuh looxvwudwhv wkh
frqwhqw ri rxu uvw frpsdudwlyh vwdwlfv uhvxow1 Wkh krul}rqwdo d{lv lq Iljxuh 5 lv fdohqgdu
wlph vwduwlqj iurp wkh LSR xqwlo wkh up lv oltxlgdwhg1
Lqvhuw Iljxuh 5 khuh
Wkh lqwxlwlrq iru wkh uhodwlrqvkls ehwzhhq wkh udwh ri glyhvwlwxuh ri vkduhv dqg wkh ghjuhh
ri prudo kd}dug lv dv iroorzv1 Qrwh uvw wkdw wkh ghjuhh ri prudo kd}dug lqfuhdvhv zlwk kljkhu
ydoxhv ri K dqg orzhu ydoxhv ri >f Ehvlghv/ iru dq| jlyhq >f/ d vpdoohu ydoxh ri K lv dvvrfldwhg
zlwk d vpdoohu jdlq lq wkh vwrfn sulfh wkdw fdq eh lqgxfhg e| uhwhqwlrq ri vkduhv/ dqg wkhuhiruh
lw lv rswlpxp wr glyhuvli| pruh ulvn hduo| rq wkurxjk d idvwhu glyhvwlwxuh ri vkduhv1 Wklv
dovr ohdgv wr d txlfnhu uhyhodwlrq ri lqirupdwlrq derxw wkh pdqdjhu1 Dqdorjrxvo|/ dv >f
lqfuhdvhv/ wkhuh lv ohvv urrp wr lqfuhdvh wkh vkduh sulfh e| pdnlqj lqyhvwruv eholhyh wkdw wkh
pdqdjhu lv pruh olnho| wr eh ri wkh kljk w|sh/ dqg wkxv lw sd|v r wr glyhuvli| pruh ri wkh
ulvn lpphgldwho| dw wkh LSR/ ohdglqj wr d eljjhu eorfn ehlqj glyhvwhg lqlwldoo|1
Uhvxow 5 Pdqdjhuv fdq ghyhors d uhsxwdwlrq iru ehkdylqj zhoo/ h{wudfwlqj orz ohyhov ri sul0
ydwh ehqhwv ru h{huwlqj kljk ohyhov ri hruw1 Lq htxloleulxp/ wkh vwrfn sulfh lv vljqlfdqwo|
54kljkhu wkdq lw zrxog rwkhuzlvh eh zlwkrxw wklv uhsxwdwlrq hhfw1 Ixuwkhupruh/ wkh lqfuhdvh
lq wkh vwrfn sulfh dvvrfldwhg zlwk wkh uhsxwdwlrq hhfw lv srvlwlyho| fruuhodwhg zlwk wkh ghjuhh
ri prudo kd}dug1
Pdqdjhuv lq rxu prgho duh deoh wr exlog d uhsxwdwlrq lq d zd| vlplodu wr wkdw lq wkh
prghov ri Nuhsv dqg Zlovrq +4<;5, dqg Plojurp dqg Urehuwv +4<;5,145 D pdqdjhu zloo dfw
vwudwhjlfdoo|/ h{wudfwlqj orz ohyhov ri sulydwh ehqhwv lq rughu wr vhoo vkduhv dw d kljk sulfh1
D orz0w|sh pdqdjhu fdq fuhgleo| frpplw qrw wr glyhuw wkh fdvk  rzv ehfdxvh li kh vwduwhg
wr h{wudfw kljk ohyhov ri sulydwh ehqhwv iurp wkh LSR/ lqyhvwruv zrxog glvfrxqw wkh sulfh ri
vkduhv dffruglqjo|/ dqg wkh pdqdjhu*v uhpdlqlqj vkduhv zrxog vhoo dw d uhgxfhg sulfh Xqolnh
lq Ohodqg dqg S|oh +4<::,/ zkhuh d pdqdjhu krogv d frqfhqwudwhg eorfn ri vkduhv wr vljqdo
wr lqyhvwruv klv sulydwh lqirupdwlrq wkdw wkh up kdv d kljk pdunhw ydoxh/ lq wklv sdshu d
pdqdjhu krogv frqfhqwudwhg htxlw| rzqhuvkls wr surylgh d jxdudqwhh wr lqyhvwruv wkdw kh
zloo h{huw kljk hruw ohyhov ru h{wudfw orz ohyhov ri sulydwh ehqhwv lq wkh ixwxuh1






















| n￿ lv wkh xqfrqglwlrqdo suredelolw| wkdw wkhuh lv
qr glyhuvlrq ri wkh |0shulrg fdvk  rz1 Li wkh pdqdjhu frxog qrw hvwdeolvk dq| uhsxwdwlrq/
dqg wkhuhiruh h{sursuldwhg vkduhkroghuv dv pxfk dv srvvleoh lq hyhu| shulrg/ wkh vwrfn sulfh
zrxog eh htxdo wr ￿ '
SA
|’￿ d>f nE > fEKo+|1Q r w h w k d w  W




|n￿1 Wkh jdlq iurp wkh uhsxwdwlrq hhfw lv  W
￿ ￿ Dw rqh h{wuhph/ zkhq wkhuh
lv vhsdudwlrq hduo| rq/ wkh jdlq lv qrw yhu| vljqlfdqw/ dqg dw wkh rwkhu h{wuhph/ zkhq wkhuh lv
srrolqj ru vhpl0srrolqj iru vhyhudo shulrgv/ wkh jdlq lv yhu| vljqlfdqw1 Wkh dyhudjh lqfuhdvh
lq vwrfn sulfh iru wkh 2f0shulrg jdph zlwk h{shfwhg fdvk  rz htxdo wr
S2f
|’￿ +| ' mff lv
vkrzq lq Iljxuh 6 iru vhyhudo glhuhqw sdudphwhu ydoxhv1
Lqvhuw Iljxuh 6 khuh
45Wkhuh duh/ wkrxjk/ vhyhudo gl￿huhqfhv ehwzhhq rxu prgho dqg Nuhsv dqg Zlovrq +4<;5, dqg Plojurp dqg
Urehuwv +4<;5,1 Lq wklv sdshu d orqj0uxq sod|hu +wkh pdqdjhu, idfhv pdq| orqj0olyhg rssrqhqwv +lqyhvwruv,/
dv lq Ixghqehuj dqg Nuhsv +4<;:,1 Dovr/ wkh jdph vwxglhg lv qrw d uhshdwhg jdph> wkh jdph sod|hg dw dq|
shulrg lv ghshqghqw rq wkh lqvlghu rzqhuvkls yduldeoh dv d vwdwh yduldeoh1
55Wkh jxuh vkrzv erwk wkdw wkh lqfuhdvh lq wkh vwrfn sulfh dvvrfldwhg zlwk wkh uhsxwdwlrq
hhfw lv yhu| vljqlfdqw dqg wkdw wklv lqfuhdvh lv srvlwlyho| uhodwhg wr wkh ghjuhh ri prudo
kd}dug1 Iru h{dpsoh/ zkhq K 'dqg >f ' f I cwkh ghjuhh ri prudo kd}dug lv yhu| vhyhuh
+KE  >f'f  . ,/ dqg wkh vwrfn sulfh jrhv iurp '63 zlwkrxw dq| uhsxwdwlrq hhfw wr '8:
zlwk wkh uhsxwdwlrq hhfw/ dq lqfuhdvh ri '5: ru <3(1 Dovr/ zkhq K 'dqg >f ' DfIc
wkh ghjuhh ri prudo kd}dug lv 318 dqg wkh vwrfn sulfh lqfuhdvhv iurp '83 wr '99/ dq lqfuhdvh
ri '49 ru 65(1 Iru prghudwh ydoxhv ri wkh prudo kd}dug sureohp/ jdlqv ryhu 8( fdq eh
hdvlo| rewdlqhg gxh wr wkh uhsxwdwlrq hhfw1 Iru orz ydoxhv ri prudo kd}dug wkh jdlqv iurp
uhsxwdwlrq duh qrw yhu| vljqlfdqw1 Wkhuh lv dovr d vwurqj fruuhodwlrq +31<8, ehwzhhq wkh
groodu jdlqv lq vwrfn sulfh dwwulexwhg wr wkh uhsxwdwlrq hhfw dqg wkh ghjuhh ri prudo kd}dug1
Dqrwkhu lqwhuhvwlqj uhvxow lv wkdw wkh up lv pruh olnho| wr jr sxeolf lq wkh pxowlshulrg
vhwwlqj1 Wkh lghd lv wkdw wkh ohprqv sureohp wkdw fdq gulyh jrrg upv rxw wkh vwrfn
pdunhw lv dpholrudwhg ehfdxvh rzqhu0pdqdjhuv duh deoh wr judgxdoo| vhoo vkduhv dqg exlog d
uhsxwdwlrq iru ehkdylqj zhoo1 Iru h{dpsoh/ li K ' /> f' DfI dqg wkh fdvk  rz lv uhdol}hg
ryhu 53 shulrgv/ wkhq d orz0w|sh pdqdjhu jhwv d wrwdo ydoxh ri ';7 zkhq jrlqj sxeolf dqg wkh
kljk w|sh jhwv ':81 Lq d vwdwlf jdph wkh ohprqv sureohp lv vr vhyhuh wkdw wkh up zrxog
qrw jr sxeolf dqg wkh forvho| khog frqfhuq ydoxh zrxog eh rqo| '9<1 Olnhzlvh/ ri frxuvh/ wkh
up lv pruh olnho| wr jr sxeolf dqg lv zruwk pruh iru rzqhu0pdqdjhuv wkh orzhu wkh prudo
kd}dug sureohp dqg wkh kljkhu wkh sulru suredelolw| wkdw wkh pdqdjhu lv ri d kljk w|sh1
Vr idu wklv sdshu kdv hpskdvl}hg wkh uroh ri vhfrqgdu| htxlw| rhulqjv dqg wkh qhhg wr
glyhuvli| wkh lglrv|qfudwlf ulvn ri wkh up dv d phfkdqlvp wkdw doorz wkh pdqdjhu wr exlog
d uhsxwdwlrq iru jrrg ehkdylru1 Lv wklv uhsxwdwlrq hhfw hyhq pruh lqwhqvh iru d jurzwk
frpsdq| zlwk odujh qdqflqj uhtxluhphqwv/ zklfk lv olnho| wr uhylvlw wkh sulpdu| fdslwdo
pdunhwv pruh iuhtxhqwo|B Lq rwkhu zrugv/ lv d up zlwk pruh jurzwk rssruwxqlwlhv deoh wr
udlvh htxlw| qdqflqj dw d orzhu frvw ehfdxvh lw fdq exlog pruh uhsxwdwlrq iru uhgxflqj wkh
prudo kd}dug sureohpB46 Dffruglqj wr wkh hylghqfh lq Vlqjk +4<<8,/ upv lq ghyhorslqj
pdunhwv/ zkhuh wkhuh duh vljqlfdqw jurzwk rssruwxqlwlhv/ uho| pruh khdylo| rq h{whuqdo
htxlw| qdqflqj wkdq upv lq ghyhorshg pdunhwv1 Frxog wklv qglqj eh uhodwhg wr upv*
delolw| wr exlog pruh uhsxwdwlrq lq wkh suhvhqfh ri pruh jurzwk rssruwxqlwlhvB
46L wkdqn dq dqrq|prxv uhihuhh iru vxjjhvwlqj wklv uhodwlrqvkls1
56Uhvxow 6 Wkh uhsxwdwlrq hhfw lv qrw vljqlfdqwo| ghshqghqw rq wkh up*v jurzwk rssru0
wxqlwlhv dv orqj dv wkh up fdq udlvh ghew qdqflqj ru wkh rzqhu0pdqdjhu lv qrw fuhglw
frqvwudlqhg1
Frqwudu| wr wkh lqwxlwlrq/ rxu uhvxowv lqglfdwh wkdw upv* jurzwk rssruwxqlwlhv duh odujho|
xquhodwhg wr d orzhu frvw ri htxlw| qdqflqj dv orqj dv upv kdyh wkh delolw| wr qdqfh
jurzwk survshfwv e| lvvxlqj ulvnohvv ghew1 Zh eholhyh wkdw/ vlqfh upv lqyduldeo| kdyh wkh
rswlrq ri wdsslqj wkh ghew pdunhwv/ dq| fodlp wkdw pdqdjhuv vkrxog ehkdyh ehwwhu zlwk
plqrulw| vkduhkroghuv ehfdxvh ri wkh qhhg wr uhylvlw wkh fdslwdo pdunhwv vkrxog eh urexvw
wr wkh dydlodelolw| ri ghew qdqflqj1 Zh zloo ghyhors Uhvxow 6 e| uvw vkrzlqj wkdw wkh
uhsxwdwlrq hhfw lv qrw ghshqghqw rq wkh qdqflqj qhhgv ri wkh up/ dqg wkhq vkrzlqj wkdw
lw lv xquhodwhg wr wkh udwh ri jurzwk ri fdvk  rzv1
Iluvw/ ohw xv vhh zk| wkh uhsxwdwlrq hhfw lv xquhodwhg wr wkh up*v ixwxuh qdqflqj
qhhgv1 Lqwxlwlyho|/ wklv uhvxow krogv ehfdxvh wkh uhsxwdwlrq0exloglqj phfkdqlvp frphv iurp
wkh rzqhu0pdqdjhuv* ghshqghqfh rq wkh xqltxh ihdwxuh ri wkh htxlw| pdunhwv= wkh delolw| wr
glyhuvli| lglrv|qfudwlf ulvnv1 Qr uhsxwdwlrq fdq eh ghyhorshg iru wuhdwlqj htxlw|kroghuv zhoo
edvhg rq wkh up*v ixwxuh qhhgv iru dgglwlrqdo ixqgv/ dv orqj dv rwkhu irupv ri qdqflqj
ehvlghv htxlw| duh dydlodeoh1 Wkh rzqhu0pdqdjhuv* ghflvlrqv zlwk uhvshfw wr rzqhuvkls/
hruw/ dqg lqyhvwphqwv duh qhxwudo zlwk uhvshfw wr wkh up*v h{whuqdo qdqflqj qhhgv ehfdxvh
wkh up lv deoh wr rewdlq h{whuqdo qdqflqj udlvlqj idluo| sulfhg dqg ulvnohvv ghew zlwkrxw
fkdqjlqj wkh lqvlghu rzqhuvkls vwdnh k| +qr htxlw| lvvxdqfh, dqg wkh pdqdjhu*v lqfhqwlyh iru
h{huwlqj hruw1 Pruh vshflfdoo|/ ohw wkh wrwdo fdvk  rzv xqghu dq| lqyhvwphqw fkrlfh eh h +|c
zklfk lv qdqfhg lvvxlqj ulvnohvv ghew (|c zkhuh
S
(| 'f+lqwhuhvw udwh kdv ehhq vhw htxdo
wr }hur,147 Wkh fdvk  rz wr htxlw| kroghuv lv htxdo wr h +|  (| dqg wkhuhiruh wkh pdqdjhu*v
fkrlfh ri glyhvwxuh dqg hruw wkdw pd{lpl}hv sureohp +4, lv qrw ghshqghqw rq wkh ohyho ri
ulvnohvv ghew lq wkh up*v fdslwdo vwuxfwxuh1 Olnhzlvh/ zh rewdlq wkh vdph qhxwudolw| uhvxow
zlwk uhvshfw wr wkh qdqflqj qhhgv ri wkh up li wkh rzqhu0pdqdjhu lv zhdowk| ru qrw fuhglw
frqvwudlqhg148
47Wkh dvvxpswlrq wkdw wkh ￿up lv deoh wr ￿qdqfh lwv h{whuqdo fdslwdo uhtxluhphqwv lvvxlqj ulvnohvv ghew lv
ohvv vwulqjhqw wkdq lw pljkw vhhp1 Iru h{dpsoh/ doorzlqj iru h!flhqw uhqhjrwldwlrqv ehwzhhq wkh ￿up dqg
fuhglwruv wkh vhw ri lqyhvwphqw rssruwxqlwlhv wkdw fdq eh ￿qdqfhg zlwk ulvnohvv ghew fdq eh txlwh odujh1
48E| wkh vdph uhdvrqlqj dv deryh/ wkh rzqhu0pdqdjhu*v fkrlfhv ri h￿ruw dqg glyhvwxuh duh xqd￿hfwhg/ dv
57Zh duh vwloo ohiw zlwk wkh srvvlelolw| wkdw wkh jurzwk udwh ri fdvk  rzv shu vh fdq lq xhqfh
wkh pdqdjhu*v delolw| wr ghyhors d uhsxwdwlrq iru wuhdwlqj plqrulw| vkduhkroghuv zhoo1 Lq
rughu wr h{soruh wkh srwhqwldo iru d uhodwlrqvkls ehwzhhq wkh jurzwk udwh ri fdvk  rzv dqg
wkh uhsxwdwlrq hhfw zh frqgxfwhg vrph qxphulf dqdo|vlv1 Vd| wkdw wkh uhdo udwh ri jurzwk
ri fdvk  rz lv htxdo wr }c vr wkdw . dh +|o'E  n }  . d h + | 3 ￿ odqg
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dq| uhodwlrq ehwzhhq } dqg wkh vwrfn sulfh dqg wkh ydoxh ri wkh up iru hqwuhsuhqhxuvB Rxu
txdqwlwdwlyh uhvxowv vxjjhvw wkdw wkhuh lv qr vljqlfdqw uhodwlrq ehwzhhq wkh uhohydqw yduldeohv
dqg wkh jurzwk udwh1
Iru h{dpsoh/ zlwk wkh prudo kd}dug dqg dv|pphwulf lqirupdwlrq sdudphwhuv htxdo wr
EKc>f'E  cDfI dqg wrwdo fdvk  rz htxdo wr
S2f
|’￿ +| ' mffc w k hv w r f ns u l f hd ww k hL S R
lv mS./ mSSc dqg mS/ uhvshfwlyho|/ iru jurzwk udwhv htxdo wr 2fI/ fI/d q g2fI1 Dovr/ wkh
dyhudjh ydoxh iurp jrlqj sxeolf iru wkh rzqhuv/ zklfk lqfoxghv wkhlu h{shfwhg h{wudfwlrq
ri sulydwh ehqhwv/ lv mHf/ mH/d q gmH2c uhvshfwlyho|1 Wkhuhiruh/ wkh jurzwk udwh grhv qrw
vljqlfdqwo| lq xhqfh wkh uhsxwdwlrq hhfw/ iru ydoxhv ri } lq d 2fI udqjh ri }hur1 Lq vslwh
ri wkdw/ wkh jurzwk udwh grhv kdyh dq lpsdfw rq wkh lqvlghu rzqhuvkls yduldeoh1 Lqvlghuv lq
pdwxuh upv/ zlwk d uhdo jurzwk udwh ri 2fIc krog rqo| 22I ri wkhlu up*v htxlw| 43 shulrgv
diwhu jrlqj sxeolf/ zkloh lqvlghuv lq upv zlwk uhdo jurzwk udwhv htxdo wr }hur dqg 53( krog/
uhvshfwlyho|/ SfI dqg SHI ri wkhlu up*v htxlw| 43 shulrgv diwhu jrlqj sxeolf1 Qhyhuwkhohvv/
dv zh doorz iru h{wuhph ydoxhv ri jurzwk/ h1j1/ jurzwk udwhv forvh wr nffI dqg ffI/w k h
rxwfrph frqyhujhv wr wkh rxwfrph ri wkh vwdwlf jdphdoo wkh fdvk  rz frphv/ uhvshfwlyho|/
lq wkh odvw shulrg dqg uvw shulrg ri wkh jdph1 Dv zh kdyh dujxhg ehiruh/ lq vwdwlf jdphv
pdqdjhuv duh qrw deoh wr ghyhors dq| uhsxwdwlrq dqg wkh vwrfn sulfh lv pxfk orzhu> wkhuhiruh/
h{wuhph ydoxhv ri jurzwk udwhv fdq kdyh dq dgyhuvh hhfw rq wkh ydoxh ri wkh up1
Zh h{soruh wkh hpslulfdo lpsolfdwlrqv ri rxu uhvxowv dv zhoo dv wkh hpslulfdo uhohydqfh ri
wkh prgho lq wkh qh{w vhfwlrq1
orqj dv wkh ￿up fdq ￿qdqfh lqyhvwphqwv lvvxlqj htxlw| +h1j1/ xvlqj uljkwv r￿hulqj, lq zklfk wkh pdqdjhu kdv
hqrxjk ixqgv wr pdlqwdlq wkh vdph iudfwlrqdo rzqhuvkls vwdnh kh kdg ehiruh wkh lvvxdqfh1
49Lq rxu suhylrxv vlpxodwlrqv wkh uhdo jurzwk udwh zdv vhw htxdo wr }hur1
58Y Hpslulfdo Uhohydqfh dqg Lpsolfdwlrqv
Wklv prgho surylghv vhyhudo qhz hpslulfdo lpsolfdwlrqv iru wkh g|qdplfv ri lqvlghu rzqhu0
vkls1 Wkh prgho suhglfwv wkdw lqvlghuv glyhvw vkduhv judgxdoo|1 Wkhuh lv dq lqlwldo sxeolf
rhulqj +LSR, zkhuh d eorfn ri qhz vkduhv +sulpdu| rhulqj, dqg2ru h{lvwlqj rzqhuv* vkduhv
+vhfrqgdu| rhulqj, duh vrog wr wkh sxeolf iroorzhg e| judgxdo vhfrqgdu| dqg2ru sulpdu|
rhulqjv ryhu wlph1 Ixuwkhupruh/ lqvlghu rzqhuvkls wlph vhulhv lv uhodwhg wr wkh ghjuhh ri
djhqf| sureohpv= wkh vl}h ri wkh eorfn glyhvwhg dw wkh LSR dqg wkh udwh dw zklfk vkduhv
duh glyhvwhg duh qhjdwlyho| uhodwhg wr wkh ghjuhh ri djhqf| sureohpv h{shfwhg e| lqyhvwruv1
Dowhuqdwlyho|/ wkh wlph lw wdnhv wr uhdfk d fhuwdlq lqvlghu rzqhuvkls ohyho lv srvlwlyho| uhodwhg
wr djhqf| frvwv1 Wkrvh suhglfwlrqv gr qrw iroorz iurp Mhqvhq dqg Phfnolqj +4<:9, h{whqghg
wr d pxowlshulrg prghovhh wkh pxowlshulrg frpsohwh lqirupdwlrq prgho ri vhfwlrq LL1 Li rqh
doorzhg pdqdjhuv wr wudgh wkhlu vkduhv frqwlqxrxvo| wkhuh zrxog eh doprvw lqvwdqwdqhrxv
frqyhujhqfh wr d orzhu ohyho ri rzqhuvkls14: Wklv frpsohwh lqirupdwlrq prgho zrxog suhglfw
wkdw lqvlghuv glyhvw d odujh eorfn ri wkhlu vkduhv vrrq diwhu wkh LSR dqg wkhq pdlqwdlq hv0
vhqwldoo| frqvwdqw wkhlu rzqhuvkls diwhu wkh LSR1 Rxu lqfrpsohwh lqirupdwlrq prgho/ rq wkh
rwkhu kdqg/ suhglfwv d wlph vhulhv zlwk judgxdo glyhvwlwxuh ri vkduhv/ zlwk d furvv0vhfwlrqdo
yduldwlrq wkdw ghshqgv rq krz vhyhuh wkh djhqf| sureohp lv1
U|gtylvw dqg Krjkrop +4<<8, surylgh hylghqfh wkdw lv frqvlvwhqw zlwk wkh suhglfwlrqv
ri rxu prgho1 Wkh| vkrz hylghqfh ri lqvlghu rzqhuvkls iru frusrudwlrqv wkdw zhqw sxeolf lq
Vzhghq iurp 4<:3 wr 4<<41 Wzr |hduv ehiruh jrlqj sxeolf wkh phdq rzqhuvkls frqfhqwudwlrq
lv <3(1 Lpphgldwho| diwhu wkh LSR wkh dyhudjh rzqhuvkls uhwhqwlrq lv uhgxfhg wr 8:(/ dqg
yh |hduv diwhu wkh LSR wkh rzqhuvkls lv uhgxfhg wr 69(1 Lw zrxog eh lqwhuhvwlqj wr whvw wkh
wlph vhulhv dqg wkh furvv0vhfwlrq sdwwhuqv ri lqvlghu rzqhuvkls iru rwkhu pdunhwvh1j1/ zh glg
qrw qg dq| hylghqfh rq wkh furvv0vhfwlrqdo hpslulfdo lpsolfdwlrqv ri wkh prgho1
Lw lv lpsruwdqw wr kljkoljkw wkdw wkh prgho lv frqvlvwhqw zlwk wkh zlgho| grfxphqwhg
hylghqfh wkdw htxlw| pdunhwv duh qrw d uhohydqw vrxufh ri qdqflqj iru frusrudwlrqv1 Pd|hu
+4<<3, kdv vkrzq wkdw lqwhuqdoo| jhqhudwhg ixqgv duh wkh pdmru vrxufh ri qdqflqj iru
lqgxvwuldo frxqwulhv ryhu wkh 4<:304<;8 shulrg dqg wkdw htxlw| qdqflqj uhsuhvhqwv rqo| d
4:Wklv lv vlplodu wr Frdvh*v dqdo|vlv ri sulflqj e| d gxudeoh0jrrg prqrsrolvw1 Zkhq r￿huv e| wkh prqrs0
rolvw wdnh sodfh yhu| txlfno|/ wkh sulfh frqyhujhv wr wkh frpshwlwlyh sulfhv doprvw lqvwdqwdqhrxvo|1
59qhjoljleoh dprxqw1 Lq rxu ylhz wkh pdlq uroh ri wkh htxlw| pdunhwv lv qrw wr surylgh qdqflqj
wr upv exw wr surylgh rzqhuv zlwk wkh delolw| wr glyhuvli| lglrv|qfudwlf ulvnv dqg wr surylgh
wkhp zlwk oltxlglw|vhh U|gtylvw dqg Krjkrop +4<<8,1 Hyhq wkrxjk/ iru h{dpsoh/ wkh X1V1
vwrfn pdunhw uhsuhvhqwhg rqo| 31;( ri wkh wrwdo qdqflqj gxulqj 4<:304<;8/ lw shuiruphg
d yhu| vljqlfdqw uroh dv d glyhvwlwxuh phfkdqlvp> Ghpvhw} dqg Ohkq +4<;8, kdyh vkrzq
wkdw wkh odujhvw 833 upv lq wkh Xqlwhg Vwdwhv lq 4<;3 kdg wkh yh odujhvw vkduhkroghuv
rzqlqj rq dyhudjh rqo| 58( ri vkduhv1 Iru wklv uhdvrq/ rxu prgho lv edvhg qrw rq sulpdu|
rhulqjv exw rq vhfrqgdu| rhulqjv ri htxlw|> wkh prwlydwlrq wr jr sxeolf lv qrw qdqflqj
exw glyhuvlfdwlrq ri ulvnv> dqg wkh lpsolfdwlrqv ri wkh prgho duh qrw zlwk uhvshfw wr wkh
g|qdplfv ri vhdvrqhg htxlw| rhulqjv exw iru wkh g|qdplfv ri lqvlghu rzqhuvkls1
Rxu uhvxowv kdyh vshfldo hpslulfdo uhohydqfh iru frxqwulhv zkhuh ohjdo lqvwlwxwlrqv gr qrw
rhu hqrxjk surwhfwlrq wr plqrulw| vkduhkroghuv djdlqvw pdqdjhuldo glvfuhwlrq1 Pdq| hpslu0
lfdo vwxglhv dwwhpsw wr hvwlpdwh wkh vl}h ri sulydwh ehqhwv/ dqg wkhvh vwxglhv xqdqlprxvo|
frqfoxgh wkdw sulydwh ehqhwv duh/ rq dyhudjh/ vxevwdqwldo iru frpsdqlhv lq pdq| frxqwulhv
+vhh Od Sruwd hw do1 +4<<;,,14; Hyhq lq wkh Xqlwhg Vwdwhv/ zkhuh vkduhkroghuv kdyh rqh ri wkh
ehvw dqg prvw hoderudwh ohjdo v|vwhpv surwhfwlqj wkhlu lqwhuhvwv/ wkhuh lv vxevwdqwldo hylghqfh
grfxphqwlqj wkh glvfuhwlrq wkdw pdqdjhuv kdyh ryhu lqyhvwruv* prqh|/ ehlqj deoh wr zdvwh
pxfk ri lw rq sulydwh ehqhwv14< Wklv sdshu h{sodlqv zk| upv fdq jr sxeolf hyhq zkhq
lqyhvwruv gr qrw jhw dq| frqwuro uljkwv lq h{fkdqjh iru wkhlu ixqgv/ dqg pdqdjhuv kdyh wkh
delolw| wr h{wudfw vljqlfdqw sulydwh ehqhwv ri frqwuro1 Rxu uhvxowv vkrz wkdw wkhvh upv
fdq jr sxeolf ehfdxvh ri wkh pxowlshulrg qdwxuh ri vkduh wudglqj dqg wkh jhqhudwlrq ri fdvk
4;Edufod| dqg Kroghuqhvv +4<;<, ￿qg iru wkh X1V1 wkdw wkh suhplxp ri eorfn wudghv ryhu wkh srvw0
dqqrxqfhphqw h{fkdqjh sulfh lv/ rq dyhudjh/ 7( ri d ￿up*v pdunhw ydoxh1 Ehujvwurp dqg U|gtylvw +4<<5,
￿qg d suhplxp ri yrwlqj uhodwlyh wr qrq0yrwlqj vkduhv ri 918( lq Vzhghq> ]lqjdohv +4<<7, ￿qgv d suhplxp
ri ;4( lq Lwdo|> Ohy| +4<;6, ￿qgv d suhplxp ri 7818( iru Lvudho> Kruqhu +4<;;,/ 53( iru Vzlw}huodqg> Phj0
jlqvrq +4<<3,/ 4616( iru wkh X1N1> Urelqvrq dqg Zklwh +4<<3,/ 5616( iru Fdqdgd> dqg Ohdvh/ PfFrqhoo/
dqg Plnnhovrq +4<;6,/ 817( iru wkh X1V1 Vhh dovr Edufod|/ Kroghuqhvv/ dqg Srqwl￿ +4<<6, iru sulydwh ehqh￿wv
ri frqwuro lq forvhg0hqg pxwxdo ixqgv dqg GhDqjhor dqg GhDqjhor +4<;8, iru d vwxg| ri wkh frqfhqwudwlrq
ri pdqdjhuldo rzqhuvkls dqg frqwuro lq gxdo0fodvv vkduhv frusrudwlrqv lq wkh X1V1
4<Iru h{dpsoh/ rlo lqgxvwu| ￿upv lq wkh plg04<;3v vshqw vljql￿fdqw uhvrxufhv lq qhjdwlyh QSY surmhfwv
+Mhqvhq +4<;9,,> qhjdwlyh uhwxuqv wr elgghuv lq wkh dqqrxqfhphqwv ri dftxlvlwlrqv zhuh prwlydwhg e| pdq0
djhuv* suhihuhqfhv iru glyhuvl￿fdwlrq dqg jurzwk lqvwhdg ri vkduhkroghu ydoxh +Prufn/ Vkohlihu/ dqg Ylvkq|
+4<<3,,> pdqdjhuv uhvlvwhg wdnhryhuv wr surwhfw wkhlu sulydwh ehqh￿wv udwkhu wkdq wr vhuyh vkduhkroghuv +h1j1/
Mduuhoo dqg Srxovhq +4<;:,,1
5: rzv1 Lw lv suhflvho| zkhq wkh djhqf| sureohp lv pruh vhyhuh wkdw pdqdjhuv fdq lpsolflwo|
frpplw wr lqyhvwruv wkdw wkh| duh qrw jrlqj wr glyhuw wkh fdvk  rz ri wkh up1 Wkh fkdqfhv
ri jrlqj sxeolf dqg wkh ydoxh wkdw hqwuhsuhqhxuv fdq jdlq iurp jrlqj sxeolf duh lqfuhdvhg
lq wkh pxowlshulrg vhwwlqj/ dqg wkh dyhudjh ydoxh ri upv wkdw jr sxeolf lv hqkdqfhg e| d
uhsxwdwlrq hhfw wkdw lpsolflwo| surwhfwv plqrulw| vkduhkroghuv djdlqvw h{sursuldwlrq1
Rxu txdqwlwdwlyh uhvxowv vkrz wkdw/ iru h{dpsoh/ zkhq pdqdjhuv fdq glyhuw dq h{shfwhg
dprxqw ri 83( ri wkh fdvk  rz/ wkh ydoxh ri wkh vwrfn sulfh lv pruh wkdq 63( kljkhu/ ehfdxvh
ri wkh uhsxwdwlrq hhfw/ wkdq wkh sulfh wkdw zrxog eh suhglfwhg lq wkh devhqfh ri wklv hhfw/
edvhg rqo| rq wkh ohyho ri surwhfwlrq ri plqrulw| vkduhkroghuv1 Vr/ lq htxloleulxp pdqdjhuv
duh h{shfwhg wr glyhuw pxfk ohvv wkdq zkdw wkh| fdq1 Lq dgglwlrq/ wklv lqfuhdvh lq vwrfn sulfh
lv srvlwlyho| fruuhodwhg zlwk wkh ghjuhh ri prudo kd}dug sureohp +frh!flhqw ri 31<8 lq rxu
vlpxodwlrqv,1
Vlqjk +4<<8, frqfoxghg wkdw wkhuh duh lpsruwdqw glhuhqfhv ehwzhhq wkh qdqflqj sdw0
whuqv ri ghyhorslqj frxqwulhv dqg wkrvh ri wkh lqgxvwuldo frxqwulhv vwxglhg e| Pd|hu +4<<3,1
Vlqjk surylghg hylghqfh wkdw ghyhorslqj frxqwulhv uho| pruh khdylo| rq h{whuqdo qdqflqj
wkdq ghyhorshg frxqwulhv/ dqg dovr xvh htxlw| pruh lqwhqvlyho| wkdq ghew qdqflqj iru wkhlu
h{whuqdo qdqflqj qhhgv1 Wklv hylghqfh lv hvshfldoo| sx}}olqj jlyhq wkh uhvxowv ri Od Sruwd hw
do1 +4<<;, wkdw lqyhvwruv lq wkhvh frxqwulhv duh wkh rqhv zlwk orzhu ohyhov ri surwhfwlrq1 Rxu
prgho ri htxlw| lv frqvlvwhqw zlwk wklv hylghqfh dqg srlqwv rxw wr yduldeohv wkdw duh uhohydqw
wr h{sodlqlqj lw1
Vhyhudo lqghshqghqw yduldeohv duh fdqglgdwhv iru h{sodlqlqj wkh deryh0phqwlrqhg glvsdu0
lwlhv lq wkh xvh ri h{whuqdo htxlw| qdqflqj dqg zh eholhyh wkdw wkh prvw lpsruwdqw rqhv duh
wkh ohyho ri surwhfwlrq ri plqrulw| vkduhkroghuv/ jurzwk rssruwxqlwlhv/ yrodwlolw| ri fdvk  rzv/
dqg ohyhov ri frqfhqwudwlrq ri lqvlghu rzqhuvkls1 Rxu prgho vkrzv zk| upv lq frxqwulhv
zlwk orz ohyhov ri surwhfwlrq ri plqrulw| vkduhkroghuv duh deoh wr rewdlq htxlw| qdqflqj
dqg lqyhvwruv duh zloolqj wr ex| vkduhv= hqwuhsuhqhxu0rzqhuv fdq ghyhors d uhsxwdwlrq iru
wuhdwlqj plqrulw| vkduhkroghuv zhoo1 Ilupv lq ghyhorslqj frxqwulhv duh dovr h{shfwhg wr kdyh
kljkhu jurzwk rssruwxqlwlhv dqg wkhuhiruh duh pruh olnho| qrw wr eh deoh wr jhqhudwh lqwhu0
qdoo| ixqgv iru wkhlu lqyhvwphqw qhhgv/ kdylqj wr uhylvlw wkh sulpdu| fdslwdo pdunhwv pruh
riwhq1 Zkloh wklv vlpsoh idfw dorqh frxog h{sodlq sduw ri wkh hylghqfh lq Vlqjk wkdw upv
5;lq ghyhorslqj frxqwulhv duh pruh olnho| wr xvh h{whuqdo qdqflqj/ lw vwloo grhv qrw h{sodlq
wkh pruh lqwhqvh xvh ri htxlw| udwkhu wkdq ghew qdqflqj1 Lqwxlwlyho|/ wkh frpplwphqw wr
uhylvlw wkh fdslwdo pdunhwv frxog ixuwkhu hqkdqfh wkh uhsxwdwlrq hhfw dqg ohdg wr dgglwlrqdo
uhgxfwlrqv ri wkh frvw ri htxlw| qdqflqj/ wkhuhiruh dovr vwlpxodwlqj d pruh khdy| xvh ri
htxlw| e| upv1 Frqwudu| wr wklv lqwxlwlrq/ zh kdyh vkrzq wkdw wkh jurzwk udwh ri upv
grhv qrw kdyh dq| dgglwlrqdo vljqlfdqw lq xhqfh rq wkh uhsxwdwlrq hhfw zkhqhyhu ghew
qdqflqj uhpdlqv dydlodeoh iru upv wr wds1
D orzhu ohyho ri surwhfwlrq dqg kljkhu jurzwk udwh lpso| wkdw upv lq htxloleulxp vkrxog
kdyh d pruh frqfhqwudwhg rzqhuvkls vwuxfwxuh1 Lq idfw/ Od Sruwd/ Orsh}0gh0Vlodqhv/ dqg
Vkohlihu +4<<;, grfxphqw wkdw dprqj wkh zruog*v odujhvw sxeolfo| wudghg upv/ :6( ri wkh
upv lq frxqwulhv zlwk orz surwhfwlrqprvwo| ghyhorslqj frxqwulhvkdyh d odujh vkduhkroghu
+vwdnh deryh 53(,/ zkloh rqo| 85( ri wkh upv lq frxqwulhv zlwk pruh surwhfwlrq kdyh
d odujh vkduhkroghu1 Reylrxvo|/ krzhyhu/ upv zlwk d pruh frqfhqwudwhg rzqhuvkls dqg d
pruh yrodwloh fdvk  rz qg htxlw| qdqflqj uhodwlyho| pruh ghvludeoh wkdq ghew qdqflqj eh0
fdxvh ulvn0dyhuvh hqwuhsuhqhxuv* pdujlqdo jdlqv iurp glyhuvlfdwlrq duh kljkhu1 Iru h{dpsoh/
hqwuhsuhqhxu0rzqhuv ri upv zlwk frqfhqwudwhg rzqhuvkls duh rqo| zloolqj wr xqghuwdnh vrph
ulvn| surmhfwv li wkh| fdq lvvxh ulvn| fodlpv wr rxwvlgh lqyhvwruv/ zkloh glyhuvlhg upv lq wkh
Xqlwhg Vwdwhv dqg pdq| rwkhu ghyhorshg frxqwulhv uhfhlyh lqvljqlfdqw pdujlqdo glyhuvlfd0
wlrq jdlqv xvlqj htxlw| qdqflqj dqg suhihu wr qdqfh dw orzhu frvwv/ lvvxlqj {hg0lqfrph
fodlpv1
Lq vxppdu|/ Vlqjk*v qglqjv wkdw upv lq ghyhorslqj frxqwulhv duh zloolqj wr lvvxh pruh
htxlw| iru qdqflqj wkdq ghyhorshg frxqwu| upv duh qrw vxusulvlqj= wkh uhsxwdwlrq0exloglqj
hhfw uhgxfhv wkh lpsruwdqfh ri wkh devhqfh ri surwhfwlrq wr vkduhkroghuv> kljk jurzwk udwhv
lpso| wkdw lqwhuqdoo| jhqhudwhg ixqgv duh lqvx!flhqw wr qdqfh lqyhvwphqw rssruwxqlwlhv>
dqg d kljk frqfhqwudwlrq ri rzqhuvkls frxsohg zlwk kljk yrodwlolwlhv ri fdvk  rzv pdnhv
htxlw| qdqflqj d uhodwlyho| pruh dwwudfwlyh vrxufh ri qdqflqj wkdq ghew1
Dq lpsruwdqw dvvxpswlrq lq rxu dssolfdwlrq ri wkh prgho wr htxlw| pdunhwv ri orz0
surwhfwlrq frxqwulhv lv wkdw pdqdjhuv duh xqdpeljxrxvo| lq fkdujh dqg fdqqrw eh glvfl0
solqhg e| wdnhryhuv/ ru e| glvplvvdo e| wkh erdug ri gluhfwruv ru rwkhu odujh eorfnkroghuv1
Wkh hpslulfdo hylghqfh wkdw lv vwduwlqj wr prxqw lq pdunhwv durxqg wkh zruog vhhpv wr eh
5<frqvlvwhqw zlwk wklv dvvxpswlrq +Iudqnv dqg Pd|hu +4<<3,/ Od Sruwd hw do1 +4<<;,,1 Lq idfw/
rqh fdq dujxh wkdw lq wkrvh pdunhwv wkh rqo| htxloleulxp lv iru upv wr kdyh d frqwuroolqj
vkduhkroghu1 Dq| up zlgho| khog zlwkrxw d frqwuroolqj vkduhkroghu/ hyhq li zhoo pdqdjhg/
zrxog olnho| eh wkh wdujhw ri d udlghu zkr zrxog ex| hqrxjk vkduhv wr irup d frqwuroolqj
eorfn1 Wklv eorfnkroghu zrxog qg lw pruh surwdeoh wr h{wudfw sulydwh ehqhwv iru klpvhoi/
lqvwhdg ri dfwlqj dv d prqlwru wkdw lqfuhdvhv wkh ydoxh ri wkh up iru plqrulw| vkduhkroghuv1
Iru wkh vdph uhdvrq/ rwkhu odujh eorfnkroghuv lq wkhvh hqylurqphqwv/ vxfk dv edqnv dqg
lqvwlwxwlrqdo lqyhvwruv/ duh qrw olnho| wr dfw dv prqlwruv iru plqrulw| vkduhkroghuv> lw lv pxfk
pruh surwdeoh iru wkhp wr jhw vlgh sd|phqwv lq h{fkdqjh iru wkhlu frpsoldqfh wkdq wr
vshqg uhvrxufhv rssrvlqj pdqdjhphqw1 Lq dgglwlrq/ Od Sruwd hw do1 +4<<;, surylgh hylghqfh
wkdw frqwuroolqj vkduhkroghuv duh riwhq dorqh dqg wkhuh duh qr rwkhu odujh eorfnv lq wkh kdqgv
ri edqnv dqg rwkhu qdqfldo lqvwlwxwlrq153
Wkh dvvxpswlrq wkdw wkh pdqdjhuv fdqqrw eh glvflsolqhg e| rxwvlghuv vhhpv wr eh dw
rggv zlwk wkh grfxphqwhg hylghqfh rq odujh yrwlqj suhplxpv/ h1j1/ ]lqjdohv +4<<7, dqg
Ohy| +4<;6,> d odujh yrwlqj suhplxp vxjjhvwv wkdw pdqdjhuv pljkw eh rxvwhg e| rxwvlghuv
wkdw dfw dv d glvflsolqdu| djhqw iru plqrulw| vkduhkroghuv154 Vhyhudo sodxvleoh h{sodqdwlrqv
fdq uhfrqfloh d odujh yrwlqj suhplxp zlwk d odfn ri rxwvlgh glvflsolqh ri pdqdjhuv1 Iluvw/
lq pdq| frxqwulhv zkhuh wkhuh duh gxdo0fodvv vkduhv/ uhjxodwlrq irufhv d elgghu iru frqwuro
wr pdnh wkh vdph rhu shu vkduh wr doo wdujhw vkduhkroghuv/ zlwk wkh h{fhswlrq wkdw kh pd|
glhuhqwldwh wkh elg ehwzhhq fodvvhv ri vkduhv +U|gtylvw +4<<5,,1 D pdujlqdo yrwlqj vkduh
pljkw wudgh dw d suhplxp qrw ehfdxvh ri wkh srvvlelolw| ri d glvflsolqlqj wdnhryhu exw ehfdxvh
ri d qhjrwldwhg vdoh ri frqwuro +Ehefkxn +4<<7,, lq zklfk pdujlqdo yrwlqj vkduhv zloo uhfhlyh
wkh kljkhu sulfh sdlg iru wkh frqwuroolqj eorfnLwdo|/ Fdqdgd/ Vzhghq dqg Eud}lo duh vrph
f r x q w u l h vz l w kw k l vw | s hr iu h j x o d w l r q 1 55 Lq dgglwlrq/ d suhplxp fdq h{lvw zkhq wkhuh lv pruh
wkdq rqh vkduhkroghu jkwlqj iru frqwuro dqg wkh pdujlqdo yrwlqj vkduh fdq eh slyrwdo> qrqh
ri wkh srwhqwldo frqwuroohuv/ wkrxjk/ duh h{shfwhg wr prqlwru dqg lqfuhdvh ydoxh iru plqrulw|
53Lq Jhupdq|/ Mdsdq/ dqg Iudqfh/ edqnv dqg rwkhu ￿qdqfldo lqvwlwxwlrqv riwhq frqwuro wkh pdmru lqgxvwuldo
frusrudwlrqv +Iudqnv dqg Pd|hu +4<<7,,1 Lq prvw ri wkh uhvw ri wkh zruog/ sxeolf frusrudwlrqv duh riwhq
frqwuroohg e| wkhlu irxqghuv ru wkh irxqghuv* r￿vsulqj +Od Sruwd hw do1 +4<<;, dqg ]lqjdohv +4<<7,,1
54L wkdqn dq dqrq|prxv uhihuhh iru eulqjlqj rxw wklv srlqw1
55Vhh ]lqjdohv +4<<7/ s1 473, iru Lwdo|/ Vplwk dqg Dprdnx0Dgx +4<<8/ s1 559, iru Fdqdgd/ dqg U|gtylvw
+4<<5, iru Vzhghq1
63vkduhkroghuv diwhu jdlqlqj frqwuro/ exw udwkhu wr h{wudfw sulydwh ehqhwv iru wkhpvhoyhv +vhh
Jrphv dqg Qrydhv +4<<;, iru d prgho zlwk pxowlsoh frqwuroolqj vkduhkroghuv,1
Wkh h{lvwlqj olwhudwxuh vxjjhvwv pdq| glvdgydqwdjhv wr xvlqj vwuxfwxuhv wkdw lqfuhdvh wkh
vhsdudwlrq ehwzhhq rzqhuvkls dqg frqwuro/ h1j1/ Jurvvpdq dqg Kduw +4<;;,1 Wkh zlghvsuhdg
xvh ri wkhvh vwuxfwxuhv/ h1j1/ Od Sruwd hw do1 +4<<;, dqg U|gtylvw +4<<5,/ lv sx}}olqj ehfdxvh
wkh lqlwldo rzqhuv ehdu h{0dqwh wkh frvwv ri h{0srvw lqh!flhqflhv/ dqg lw vhhpv uhdvrqdeoh
wkdw rzqhuv frxog frpplw h{0dqwh qrw wr xvh s|udplgdo dqg gxdo0fodvv vkduhv vwuxfwxuhv1
Wklv vxjjhvwv wkdw/ lq pdq| fdvhv/ wkh ehqhwv ri xvlqj wkrvh vwuxfwxuhv duh orzhu wkdq wkh
frvwv1
Ilqdoo|/ wkh prgho surylghv d qhz h{sodqdwlrq iru wkh ehqhwv ri xvlqj s|udplgdo dqg
gxdo0fodvv vkduhv vwuxfwxuhv1 Wkh pdlq lghd lv wkdw zkhq pdqdjhuv fdq lvvxh uhvwulfwhg yrwlqj
vkduhv ru exlog s|udplgv/ wkh| duh deoh wr lqfuhdvh wkhlu uhsxwdwlrq iru qrw h{sursuldwlqj
plqrulw| vkduhkroghuv/ zklfk fdq lqfuhdvh wkh ydoxh ri wkh up1 Dv zh kdyh vhhq lq wkh
suhylrxv vhfwlrqv/ wkh phfkdqlvp wkdw doorzv wkh uhsxwdwlrq hhfw wr zrun lv wkh survshfw
ri vhoolqj dgglwlrqdo vkduhv lq wkh ixwxuh iru d kljk sulfh> wkhuhiruh/ zkhq pdqdjhuv duh
doorzhg wr lvvxh vkduhv zlwk uhvwulfwhg yrwlqj uljkwv/ ru ghyhors d s|udplgdo vwuxfwxuh/ wkh
hhfw fdq zrun ehwwhu vlqfh wkhuh duh pruh vkduhv iru pdqdjhuv wr vhoo zkloh vwloo nhhslqj
pdmrulw| frqwuro ri wkh up1 Lq dgglwlrq/ wkh frvwv ri xvlqj wkrvh vwuxfwxuhv wkdw lqfuhdvh wkh
vhsdudwlrq ri rzqhuvkls dqg frqwuro duh qrw vr vljqlfdqw ehfdxvh pdqdjhuv lq hqylurqphqwv
zlwk orz surwhfwlrq zloo zdqw wr nhhs frqwuro zkhwkhu gxdo0fodvv vkduhv dqg s|udplgv duh
doorzhg ru qrw1 Dv zh dujxhg deryh/ nhhslqj frqwuro vhhpv wr eh wkh rqo| srvvleoh htxloleulxp
lq pdq| frxqwulhv zkhuh/ iru h{dpsoh/ qhjrwldwhg wudqvihu ri frqwuro uhsodfhv glvflsolqlqj
phfkdqlvpv olnh wdnhryhuv/ frqvlvwhqw zlwk wkh hpslulfdo hylghqfh1 Ixuwkhupruh/ wkh delolw|
wr glyhvw pruh vkduhv zlwkrxw orvlqj frqwuro fdq lqfuhdvh wkh iuhh  rdw +shufhqwdjh wkdw wkh
rzqhuv vhoo wr wkh sxeolf, dqg wkxv lpsuryh wkh dprxqw ri ulvnv wkdw rzqhuv fdq glyhuvli|1
YL Frqfoxglqj Uhpdunv
Lq wklv duwlfoh/ zh ghyhors d prgho ri d up wkdw lv jrlqj sxeolf lq wkh suhvhqfh ri prudo kd}0
dug/ dv|pphwulf lqirupdwlrq/ dqg pxowlsoh wudglqj shulrgv1 Wkh djhqf| sureohp hpskdvl}hg
64lq wkh sdshu lv qrw wkh vwdqgdug djhqf| sureohp ehwzhhq pdqdjhuv dqg vkduhkroghuv/ exw
wkh frq lfwv ehwzhhq d odujh vkduhkroghu wkdw h{huwv frqwuro ryhu wkh pdqdjhphqw dqg fdq
h{wudfw sulydwh ehqhwv ri frqwuro/ dqg plqrulw| vkduhkroghuv lq wkh up1 Wkh prwlydwlrq iru
wkh rzqhu0pdqdjhu wr wdnh wkh up sxeolf lv wr vkduh wkh lglrv|qfudwlf ulvn ri wkh up zlwk
plqrulw| vkduhkroghuv> krzhyhu/ doo wkh sduwlflsdqwv lq wkh pdunhw uhfrjql}h wkdw wkhuh lv
urrp iru wkh pdqdjhu wr dfw rssruwxqlvwlfdoo|/ h{sursuldwlqj plqrulw| lqyhvwruv1 Pdqdjhuv
idfh wkh sureohp ri zkhwkhu wr wdnh wkhlu upv sxeolf dqg krz pdq| vkduhv wr rhu/ dqg
lqyhvwruv idfh wkh sureohp ri krz pxfk wr sd| iru vkduhv/ jlyhq doo wkh lqirupdwlrq dydlodeoh
wr wkhp1
Wkh htxloleulxp zlwk pxowlsoh wudglqj shulrgv kdv lpsruwdqw glhuhqfhv iurp wkh vwdwlf
fdvh1 Lq wkh pxowlshulrg jdph/ wkh pdqdjhu fdq vwudwhjlfdoo| fkrrvh h{wudfwlrq ri sulydwh
ehqhwv dqg fdq ghyhors d uhsxwdwlrq iru h{sursuldwlqj orz ohyhov ri sulydwh ehqhwv1 Hyhq
li lqyhvwruv dvvljq d orz suredelolw| wkdw d pdqdjhu lv ri d kljk w|sh/ wkh pdqdjhu lv vwloo
deoh wr vhoo vkduhv dw d kljk sulfh/ ehfdxvh lqyhvwruv nqrz wkdw vkh kdv dq lqfhqwlyh wr
ghyhors d uhsxwdwlrq iru frqvxplqj orz ohyhov ri sulydwh ehqhwv1 Li vkh vwduwv wr h{wudfw
kljk sulydwh ehqhwv iurp wkh LSR/ lqyhvwruv zloo glvfrxqw wkh sulfh ri vkduhv dffruglqjo|/
dqg khu uhpdlqlqj vkduhv zloo vhoo dw d uhgxfhg sulfh1 Zh vkrzhg wkdw wkh uhsxwdwlrq hhfw
fdq sod| d yhu| vljqlfdqw uroh lq wkh htxloleulxp doorfdwlrq/ wkurxjk d udqjh ri qxphulfdo
vlpxodwlrqv ri wkh prgho1
Wkh prgho surylghg vhyhudo qryho hpslulfdo lpsolfdwlrqv1 Iluvw/ wkh prgho suhglfwv wkdw
wkh lqvlghu rzqhuvkls wlph0vhulhv dqg furvv0vhfwlrq yduldwlrq lv uhodwhg wr wkh ghjuhh ri prudo
kd}dug1 Dw wkh LSR/ wkh vl}h ri wkh eorfn ri vkduhv glyhvwhg lv qhjdwlyho| uhodwhg wr wkh ghjuhh
ri prudo kd}dug sureohp/ dqg iroorzlqj wkh LSR/ vkduhv duh judgxdoo| glyhvwhg dw d udwh wkdw
lv dovr qhjdwlyho| uhodwhg wr wkh ghjuhh ri prudo kd}dug1 Vhfrqg/ zh eholhyh wkdw wklv prgho
kdv hpslulfdo uhohydqfh lq h{sodlqlqj wkh h{lvwhqfh ri vwrfn pdunhwv lq hphujlqj hfrqrplhv/
ghvslwh wkh yhu| zhdn ohjdo lqvwlwxwlrqv rhulqj surwhfwlrq wr plqrulw| vkduhkroghuv1 Dqrwkhu
lpsolfdwlrq ri wkh uhvxowv iru hphujlqj vwrfn pdunhwv lv wkdw wkhuh duh dgglwlrqdo ehqhwv
iurp xvlqj wkh gxdo0fodvv yrwlqj vwuxfwxuh dqg s|udplgdo vwuxfwxuhv wkdw kdyh qrw |hw ehhq
frqvlghuhg lq wkh olwhudwxuh1 Doorzlqj frqwuroolqj pdqdjhuv wr lqfuhdvh wkh vhsdudwlrq ri
rzqhuvkls dqg frqwuro grhv qrw lqfuhdvh lqh!flhqflhv vljqlfdqwo|/ exw fdq lqfuhdvh wkh
65h!flhqf| ri vwrfn pdunhwv/ ehfdxvh wkh uhsxwdwlrq hhfw lv vwurqjhu zkhq pdqdjhuv fdq
glyhvw pruh zlwkrxw orvlqj frqwuro1
Wkh xvh ri pxowlshulrg vljqdoolqj prghov fdq kdyh surplvlqj dssolfdwlrqv lq rwkhu duhdv
ri qdqfh1 Iru h{dpsoh/ wkh prgho fdq eh h{whqghg wr doorz wkh pdqdjhu wr xvh dgglwlrqdo
vljqdov/ vxfk dv wkh ohyho ri ghew ru glylghqg srolf|1 Prvw rwkhu vwxglhv ri dv|pphwulf
lqirupdwlrq sureohpv lq frusrudwh qdqfh kdyh ehhq frqgxfwhg lq d vwdwlf vhwwlqj1 Lw lv dq
lqwhuhvwlqj lvvxh iru ixwxuh uhvhdufk wr ghwhuplqh zkdw qhz lqvljkwv dulvh iurp wkh h{whqvlrq
ri vwdwlf prghov wr d pruh uhdolvwlf pxowlshulrg vljqdoolqj iudphzrun1 Wkh uhvxowv ri wklv
sdshu vxjjhvw wkdw pxowlshulrg vljqdoolqj jdphv kdyh vhyhudo hfrqrplf surshuwlhv wkdw gr
qrw h{lvw lq vwdwlf jdphv1
66Dsshqgl{
Surriv ri Wkhruhpv
Ohppd 4 Wkh lqghshqghqfh ri wkh udqgrp vkrfnv lpsolhv wkdw
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Surri ri Ohppd 4=
H{shfwhg ydoxhv duh wdnhq zlwk uhvshfw wr wkh glvwulexwlrq ri udqgrp vkrfnv wr wkh fdvk
 rzv +frqglwlrqdo dqg xqfrqglwlrqdo h{shfwdwlrqv duh lghqwlfdo ehfdxvh ri wkh lqghshqghqfh
ri udqgrp vkrfnv,1 Wkh surri xvhv wkh idfw wkdw wkh fkrlfhv ri vljqdov lq dq| shulrg c k￿
dqg e￿/ rqo| ghshqg rq wkh suhylrxv klvwru| ri dfwlrqv ￿3￿ xqwlo shulrg   c exw gr qrw
ghshqg rq uhdol}dwlrqv ri udqgrp vkrfnv wr wkh fdvk  rzv1 Zh zloo vhh wkdw wklv wuxh ehfdxvh
sdvw uhdol}dwlrqv ri udqgrp vkrfnv duh luuhohydqw iru ixwxuh sd|rv +vhh vhfwlrq LLL1D,1
Iluvw zh kdyh wkdw/
































ehfdxvh ri wkh lqghshqghqfh ri wkh #|*v1 Wkh whupv Ek￿3￿  k￿￿ fdq eh wdnhq rxw ri
wkh h{shfwdwlrq rshudwru ehfdxvh wkh| gr qrw ghshqg rq wkh udqgrp vkrfn1 Wklv lpsolhv
wkdw *L}. di Td|cAoo '
An￿ [
￿’|
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'
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Surri ri Sursrvlwlrq 5
67Ghqh wkh xwlolw| ixqfwlrq iru wkh pdqdjhu dv Ekccw'E   k  nT ￿E kcw dqg
frqvlghu wkh vwudwhj| suroh j dqg v|vwhp ri eholhiv > ghqhg e| wkh vwdwhphqw ri wkh
sursrvlwlrq1
Iluvw/ Ejc> lv d SEH1 +4, Wkh vwudwhj| suhvfulehg iru wkh kljk w|sh lv d Qdvk htxlole0

















dqg wkh wulsoh kc>f dqg  '  Ekc>f vdwlvi| doo wkh frqvwudlqwv ri sure0
ohp 71 Wklv lv lq frqwudglfwlrq zlwk kWc> W dqg  W ehlqj d vroxwlrq ri wkh sureohp1 +5,





T fEcwcvr wkdw sod|lqj kEw zlwk suredelolw|  lv wkh rswlpdo uhvsrqvh iru
wkh orz w|sh> vd| wkdw >W ' >f1 Wkhq lw pxvw eh wkh fdvh wkdw EkWcWcw  T fEcw(
rwkhuzlvh rqh frxog fkrrvh >:> fwkdw vdwlvi| doo wkh frqvwudlqwv dqg lqfuhdvh wkh ydoxh
ri sureohp 71 Qrwh wkdw >W lv htxdo wr hlwkhu >f ru  ehfdxvh li >W 5 E>fc wkhq e|
wkh vlqjoh0furvvlqj surshuw| wkhuh zrxog h{lvw d sdlu >:> Wdqg k:k Wwkdw zrxog vdw0









htxloleulxp frqglwlrq dqg Ed|hv uxoh duh dxwrpdwlfdoo| vdwlvhg e| Ejc>
Vhfrqg/ Ejc> lv d oh{ pd{ SEH1 Dvvxph wkdw wkhuh lv SEH htxloleulxp j￿ wkdw oh{lfr0
judsklfdoo| grplqdwhv j Frqvlghu dq| dfwlrq k￿ wkdw lv sod|hg e| wkh kljk w|sh vxfk wkdw wkh
dvvrfldwhg rq0wkh0htxloleulxp sdwk eholhiv duh >￿  >f dqg sulfhv duh htxdo wr  ￿ '  Ek￿c> ￿


















c zklfk lv lq frqwudglfwlrq zlwk j￿ oh{lfrjudsklfdoo| grplqdwlqj j Wkh
xqltxhqhvv ri wkh htxloleulxp rxwfrph lv reylrxvqrwh/ wkrxjk/ wkdw wkhuh fdq eh vhyhudo
vwudwhjlhv lpsohphqwlqj vxfk rxwfrph1





s lv wkh prvw xwlolw| wkdw fdq eh rewdlqhg lq dq| srrolqj htxloleulxp e| wkh kljk w|sh dqg
lv dq lqfuhdvlqj dqg frqwlqxrxv ixqfwlrq1 Ohw >f 5 Efco eh wkh ydoxh > +zklfk pxvw dozd|v
h{lvw, vxfk wkdw s E> lv htxdo wr wkh ydoxh ri wkh kljk w|sh lq wkh Uloh| vhsdudwlqj htxloleulxp1
Ilqdoo|/ xvlqj Wkhruhp 4 ri Pdlodwk/ Rnxqr0Ixmlzdud dqg Srvwohzdlwh +4<<6,/ zklfk
vwdwhv wkdw dq| oh{ pd{ htxloleulxp lv xqghihdwhg/ zh frqfoxgh wkh surri ri wkh sursrvlwlrq1
Zh uhihu wr wkhlu zrun iru d surri ri wklv uhvxow1
68Surri ri Sursrvlwlrq 6
Lq d vhsdudwlqj htxloleulxp wkhuh pxvw eh d ohyho ri rzqhuvkls k￿ lq wkh uvw shulrg




n T￿ Ek￿ccwT fEcw
lv vdwlvhg1 Zh uvw vkrz krz wr rewdlq/ lq jhqhudo/ wkh h{suhvvlrq iru T￿ Ek￿ccw wkdw
dsshduv lq wkh LF frqglwlrq1
Zh vwduw e| ghwhuplqlqj wkh ydoxh ri T|3￿ Ek|3￿ccwWkh frqfhsw ri SEH dqg lwv uhqh0
phqwv lpsrvh yhu| zhdn uhvwulfwlrqv rq wkh htxloleulxp rxwfrph iru jdphv zlwk lqfrpsohwh
lqirupdwlrq zlwk ghjhqhudwh sulruv/ zkhuh wkh xqlqiruphg sod|hu sxwv doo wkh zhljkw rq
rqh ri wkh w|shv1 Dowkrxjk wkh frqfhsw ri SEH grhv qrw surylgh d xqltxh vroxwlrq wr wkh
sureohp lw vhhpv qdwxudo wr frqvlghu wkdw wkh htxloleulxp rxwfrph lv vlplodu wr wkh fdvh
zkhuh wkhuh lv qr lqfrpsohwh lqirupdwlrq dqg wkh frqfhsw ri vxejdph shuihfwlrq slqv grzq
d xqltxh htxloleulxp rxwfrph1 Wkh frpsohwh lqirupdwlrq fdvh zkhuh wkh pdqdjhu lv ri w|sh
























lv d grplqdwhg vwudwhj| ri wkh kljk0w|sh pdqdjhu dqg wkxv lw lv uhdvrqdeoh wkdw lqyhvwruv*
vkrxog eholhyh wkdw vxfk d sod| pxvw frph iurp d orz0w|sh pdqdjhu1 Wkxv e| htxlole0




















Jlyhq wkh deryh frqvlghudwlrqv uhvwulfwlqj wkh rxw0ri0htxloleulxp eholhiv zh fdq rewdlq
wkh h{suhvvlrq iru T|3￿ Ek|3￿ccwuhfxuvlyho| dv htxdo wr=
4@ 
k|ce|
Ek|3￿  k|| Ek|c>Ek |ce | n |3￿ Ek|3￿ce |cwnT |E k |c>Ek |ce |cw
v1|1 >Ek|ce |'













zkhuh TA EkAccw'4 @   e An￿ A EkAce An￿cwdqg T| Ek|cfcwlv wkh ydoxh iru wkh orz w|sh lq
wkh frpsohwh lqirupdwlrq fdvh1 Ohw wkh vroxwlrq ri wkh deryh sureohp eh e| Ek|3￿ccw dqg
k| Ek|3￿ccw
69Wkh vhfrqg sduw ri wkh sursrvlwlrq iroorzv iurp wkh dqdo|vlv ri wkh h{dpsoh sursrvhg
ehiruh wkh vwdwhphqw ri wkh sursrvlwlrq1 Wkh LF frqglwlrq iru wkh h{dpsoh lv
SA
|’￿ K+| 
k￿+￿ ￿ Ek￿n ￿EKdqg lw lv vwudljkwiruzdug wkdw wkh frqglwlrq lv qrw vdwlvhg iru dq| k￿
iru odujh ydoxhv ri K
Surri ri Sursrvlwlrq 7
Zh uvw vwdwh dqg suryh d Ohppd wkdw jxdudqwhhv wkdw wkhuh h{lvwv d zhoo0ehkdyhg
vroxwlrq wr wkh g|qdplf surjudpplqj sureohp1 Zh dsso| wkh Wkhruhp ri wkh Pd{lpxp lq
rughu wr suryh wkh uhvxow> vhh Oxfdv dqg Vwrnh| +4<;<,1









c dqg dovr d qrq0hpsw| vroxwlrq fruuhvsrqghqfh




wkdw lv xsshu0khpl0frqwlqxrxv lq wkh vwdwh yduldeohv1
Surri ri Ohppd 5=
Zh uvw uhvwdwh wkh sureohp lq irupdo whupv dqg wkhq suryh wkdw wkh frqglwlrqv ri wkh
Wkhruhp dsso| wr wkh sureohp1





'4 @  
+ M K | E % ￿
8 | E %c+





pd{lpl}dwlrq lv ryhu + 'E k |ce |c> |c |cT |5tc t ' . dfco ? 2
n1W k hy d o x hr iw k h




c dqg wkh vroxwlrq fruuhvsrqghqfh
e| M|3￿ E%Gf$t1
Wkh pd{lpdqg ri wkh |0shulrg sureohp/ 8| E%c+c lv ghqhg dv d ixqfwlrq ri wkh ydoxh iru




dv 8| E%c+'E k | 3 ￿k | |n | 3 ￿








Wkh vhw ri ihdvleoh ydoxhv lv jlyhq e| wkh fruuhvsrqghqfh K| G f $ t ghqhg edvhg




5 f dqg + '
Ek|ce |c> |c |cT |5t/+5K |E%li dqg rqo| li=
6:<5 '

k|n￿ce |n￿c> |n￿c |n￿cT |n￿

5 M| Ek|c> |vxfk wkdw
+4, | '
>|













+7, EEk|3￿  k|| n |3￿ Ek|3￿ce |cwnT |T | 3 ￿E k | 3 ￿cwE  >|  f(





Dw wkh whuplqdo shulrg wkh lqlwldo frqglwlrqv duh ghqhg iru dq| % 'E k Ac> Adv TA E%cw'








c d vhw zlwk d xqltxh ho0
hphqw/











 Qrwh wkdw erwk TA E%cw
dqg MA E% duh frqwlqxrxv lq f dqg frpsdfw0ydoxhg1
Qrwh wkdw wkh fruuhvsrqghqfh C| E%'ZE M |E % c zkhuh Z E+'E k | ce |c> |c | iru dq|
+ 'E k | ce |c> |c |cT | 5 tc lv d surmhfwlrq1 Ixuwkhupruh/ C| E% lv xsshu0khpl0frqwlqxrxv
+x1k1f1, li M| E% lv x1k1f1





dqg wkh vroxwlrq fruuhvsrqghqfh M|3￿ E% l vx 1 k 1 f 1d q gf r p s d f w 0 y d o x h gd vo r q jd vw k hp d { 0
lpdqg 8| E%c+ lv frqwlqxrxv dqg wkh fruuhvsrqghqfh K| G f $ t lv frqwlqxrxvx1k1f dqg
orzhu0khpl0frqwlqxrxv +o1k1f,dqg frpsdfw0ydoxhg1 E| uhfxuvlrq/ wkh ixqfwlrq 8| E%c+ lv
frqwlqxrxv1 Zh qh{w vkrz wkdw wkh fruuhvsrqghqfh K| G f $ t lv frpsdfw0ydoxhg dqg frq0
wlqxrxv li M| E% lv x1k1f1 Zh zloo xvh vhyhudo uhvxowv derxw x1k1f dqg o1k1f fruuhvsrqghqfhv
+vhh Oxfdv dqg Vwrnh| +4<;</ ss1 88098,1
Ghqh [￿ E+c5'
> |






d| Ek|cwo| iru dq| + 'E k |ce |c> |c |cT |5
t dqg 5 '

k|n￿ce |n￿c> |n￿c |n￿cT |n￿

dqg [2 E+c5 dqdorjrxvo| xvlqj uhvwulfwlrq +5,1 Erwk
[￿ E+c5 dqg [2 E+c5 duh frqwlqxrxv ixqfwlrqv1 Ohw x￿ G t $?eh wkh fruuhvsrqghqfh
x￿ E+'[ ￿E +cM|EZ￿E+ zkhuh Z￿ E+'E k | c> | lv d surmhfwlrq ri +1 x￿ lv x1k1f1 eh0
fdxvh M| E lv x1k1f1 dqg [￿ E+c5 lv frqwlqxrxv1 Ohw x2 G t $?eh ghqhg dqdorjrxvo|1
Uhvwulfwlrqv +4, dqg +5, duh htxlydohqw wr x
3￿
￿ Ef dqg x
3￿





2 Ef duh forvhg vhwv1 Wklv lv wuxh ehfdxvh dq| x1k1f1 fruuhvsrqghqfh lv vxfk wkdw wkh
lqyhuvh ri d forvhg vhw lv dovr d forvhg vhw1
Dovr/ ohw [e E%c+'E E k | 3 ￿k | |n | 3 ￿E k | 3 ￿ ce |cwnT |T | 3 ￿E k | 3 ￿cwE  >| iru




5 f Vlploduo|/ ghqh [D E%c+
6;xvlqj uhvwulfwlrq +8,1 Ri frxuvh/ erwk [e E%c+ dqg [D E%c+ duh frqwlqxrxv ixqfwlrqv1
Uhvwulfwlrqv +7, dqg +8, duh htxlydohqw wr xe E%'
















> | 3 ￿ c 










2 Ef _ x￿ E% _ xe E% _ xD E%c zkhuh x￿ E%/ xe E%c dqg xD E% doo frqwlqxrxv ixqfwlrqv
ri % Wklv lpsolhv wkdw K| E% lv frpsdfw0ydoxhg +forvhg dqg erxqghg,= K| E% lv reylrxvo|
erxqghg/ dqg lv dq lqwhuvhfwlrq ri forvhg vhwv/ wkxv dovr d forvhg vhw1 Zh kdyh dovr vkrzq
wkdw K| E% lv frqwlqxrxv lq %
Zh frqwlqxh wkh surri ri sursrvlwlrq vkrzlqj krz wr dvvrfldwh vroxwlrqv ri wkh g|qdplf
surjudpplqj sureohp wr htxloleulxp ri wkh pxowlshulrg jdph1



















'4 @   i E k | 3 ￿ k W
|  W
| n  | 3 ￿E k | 3 ￿ ce W
|cwnT |E k W
|c> W
|cwj1 Iru dq| klv0
wru| |3￿ dqg sulru >|3￿ ghqh d vwudwhj| dqg v|vwhp ri eholhiv Ejc> dv iroorzv= surfhhg iru0





| dqg htxlydohqwo| iru hruw1





| li Ek|ce |'E k W
|ce W
|dqg htxdo wr
f rwkhuzlvh/ dqg d frqvlvwhqw uhvsrqvh | E|3￿ck |ce |' W
| li Ek|ce |'E k W
|ce W
|dqg htxdo wr
| Ek|cwrwkhuzlvh1 Ghqh wkh vwudwhj| iru wkh orz w|sh dv kE|3￿cwdqg eE|3￿cwzkhuh
kh sod|v EkW
|ce W






| dqg Ek|ce |'E k |E k | 3 ￿ cwce |Ek |3￿cw
zlwk suredelolw| q| Wkh vwudwhj| suroh dqg v|vwhp ri eholhiv Ejc> duh zhoo0ghqhg dqg
wkh sod|huv* sd|r lq dq| frqwlqxdwlrq jdph vwduwlqj zlwk vwdwh yduldeohv Ek|c> |lv jlyhq e|
T| Ek|c> |cwdqg | Ek|c> |cvroxwlrq ri wkh g|qdplf surjudpplqj sureohp1
Qrwh wkdw wkh vwudwhj| suroh dqg v|vwhp ri eholhiv Ejc> lv Pdunryldq zlwk uhvshfw
wr wkh vwdwh yduldeohv Ek|c> |D vwudwhj| suroh j dqg v|vwhp ri eholhiv lv Pdunryldq zlwk
uhvshfw wr wkh vwdwh yduldeohv Ek|c> |li dqg rqo| li iru dq| wzr klvwrulhv | dqg 
|
vxfk wkdw




cdqg dovr wkh htxlw| rzqhuvkls duh




cwkhq wkh vwudwhjlhv dqg eholhiv lq wkh frqwlqxdwlrq jdph
duh htxdo/ j￿￿|  j￿￿
| dqg >￿￿|  >￿￿
| 










lv d vroxwlrq ri wkh g|qdplf surjudpplqj
sureohp zlwk uhvwulfwlrqv wkdw jxdudqwhh wkdw wkh Qdvk htxloleulxp frqglwlrq +S4,/ wkh
frpshwlwlyh frqglwlrq +S5, dqg Ed|hv uxoh iru xsgdwlqj eholhiv +S6, dv lq wkh ghqlwlrq ri
SEH duh vdwlvhg1
Lw uhpdlqv wr vkrz wkdw Ejc> 5 u Efc> fdqg wkdw wkhuh lv d xqltxh htxloleulxp rxw0
frph lq u Efc> f1 Zh qrz surfhhg lqgxfwlyho| wr hvwdeolvk wkdw Ejc>￿￿| 5 u E|c> |
dqg doo hohphqwv lq u E|c> | surgxfh wkh vdph htxloleulxp rxwfrph/ iru dq| shulrg |
dqg klvwru| | dqg >| ' >Em|1 Iluvw qrwh wkdw dw wkh whuplqdo shulrg A nwkhuh lv













surgxfh wkh vdph htxloleulxp rxwfrph/
iru dq| shulrg | n 1 Zh zdqw wr suryh wkdw wkh lqgxfwlrq k|srwkhvlv dovr krogv iru shulrg
| Dvvxph e| frqwudglfwlrq wkdw wkhuh h{lvwv d Ej￿c> ￿ ￿￿ | 5 .E |c> | zlwk Ej￿c> ￿ ￿￿ | 9'
Ejc>￿￿| wkdw oh{lfrjudsklfdoo| grplqdwhv Ejc>￿￿|  Lw wkhq pxvw eh wkh fdvh wkdw < w vxfk
wkdw Ej￿m|cw : E j m  | cw dqg iru w
￿ :w c E j ￿ m  | cw
￿  Ejm |cw
￿( dqg Ej￿c> ￿ ￿￿ |n￿ 5
u E|n￿c> ￿Em |n￿1 E| wkh lqgxfwlrq k|srwkhvlv wkhq Ej￿m|n￿cw'T |E k | c> ￿
|cw dqg
| Ek|c> ￿
|1 Exw wkh h{lvwhqfh ri w vxfk wkdw Ej￿m|cw : E j m  | cw dqg iru w
￿ :w c
 E j ￿ m  | cw
￿  Ejm |cw
￿ lv lq frqwudglfwlrq zlwk wkh idfw wkdw Ejm|cw'T |E k | c> |cw
lv wkh ydoxh ri g|qdplf surjudp dw shulrg |1
73Uhihuhqfhv
Doohq/ Iudqnolq/ dqg J1 Idxokdehu/ 4<;</ Vljqdoolqj e| xqghusulflqj lq wkh LSR pdunhw/
Mrxuqdo ri Ilqdqfldo Hfrqrplfv 56/ 63606561
Edufod|/ Plfkdho/ dqg Folrug Kroghuqhvv/ 4<;</ Sulydwh ehqhwv iurp frqwuro ri sxeolf
frusrudwlrqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 581
Edufod|/ Plfkdho/ F1 Kroghuqhvv/ dqg M1 Srqwl/ 4<<6/ Sulydwh ehqhwv iurp eorfn rzqhuvkls
dqg glvfrxqw rq forvhg0hqg ixqgv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 661
Ehefkxn/ Oxfldq/ 4<<7/ H!flhqw dqg lqh!flhqw vdohv ri frusrudwh frqwuro/ Txduwhuo| Mrxuqdo
ri Hfrqrplfv/Q r y h p e h u 1
Ehujvwurp/ Fodv/ dqg Nulvwldq U|gtylvw/ 4<<5/ Glhuhqwldwhg elgv iru yrwlqj dqg uhvwulfwhg
yrwlqj vkduhv lq sxeolf whqghu rhuv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 491
Ehuoh D1/ dqg J1 Phdqv/ 4<65/ Wkh prghuq frusrudwlrq dqg sulydwh surshuw|/ +PdfPloodq/
Qhz \run,1
Fkhppdqxu/ Wkrpdv/ 4<<6/ Wkh sulflqj ri lqlwldo sxeolf rhulqjv= D g|qdplf prgho zlwk
lqirupdwlrq surgxfwlrq/ Mrxuqdo ri Ilqdqfh 7;1
Fkhppdqxu/ Wkrpdv/ dqg Sdror Ixojklhul/ 4<<7/ Lqyhvwphqw edqn uhsxwdwlrq/ lqirupdwlrq
surgxfwlrq/ dqg qdqfldo lqwhuphgldwlrq/ Mrxuqdo ri Ilqdqfh 7<1
Fkr/ Lq0Nrr/ dqg Gdylg Nuhsv/ 4<;:/ Vljqdoolqj jdphv dqg vwdeoh htxloleuld/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv 435+5,/ 4:<05541
Fkr/ Lq0Nrr/ dqg Mrho Vreho/ 4<<3/ Vwudwhjlf vwdelolw| dqg xqltxhqhvv lq vljqdoolqj jdphv/
Mrxuqdo ri Hfrqrplf Wkhru| 831
GhDqjhor/ Kduu|/ dqg Olqgd GhDqjhor/ 4<;8/ Pdqdjhuldo rzqhuvkls ri yrwlqj uljkwv
D vwxg| ri sxeolf frusrudwlrqv zlwk gxdo0fodvvhv ri frpprq vwrfn/ Mrxuqdo ri Ilqdqfldo
Hfrqrplfv1
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Gldprqg/ Grxjodv/ 4<;</ Uhsxwdwlrq dftxlvlwlrq lq ghew pdunhwv/ Mrxuqdo ri Srolwlfdo Hfrq0
rp| <:1
Gldprqg/ Grxjodv/ 4<<4/ Prqlwrulqj dqg uhsxwdwlrq= Wkh fkrlfh ehwzhhq edqn ordqv dqg
gluhfwo| sodfhg ghew/ Mrxuqdo ri Srolwlfdo Hfrqrp| <<1
Ioxfn/ ]vx}vdqqd/ 4<<;/ Rswlpdo qdqfldo frqwudfwlqj= Ghew yhuvxv rxwvlgh htxlw|/ Uhylhz
ri Ilqdqfldo Vwxglhv 441
Iudqnv/ Mxoldq/ dqg Frolq Pd|hu/ 4<<3/ Wdnhryhuv= Fdslwdo pdunhwv dqg frusrudwh frqwuro=
D vwxg| ri Iudqfh/ Jhupdq| dqg wkh XN/ Hfrqrplf Srolf| 431
Iudqnv/ Mxoldq/ dqg Frolq Pd|hu/ 4<<7/ Fdslwdo pdunhwv/ frusrudwh jryhuqdqfh dqg wkh
pdunhw iru frusrudwh frqwuro/ zrunlqj sdshu/ Orqgrq Exvlqhvv Vfkrro dqg Xqlyhuvlw| ri
R{irug1
Ixghqehuj/ Guhz/ dqg Gdylg Nuhsv/ 4<;:/ Uhsxwdwlrq lq wkh vlpxowdqhrxv sod| ri pxowlsoh
rssrqhqwv/ Uhylhz ri Hfrqrplf Vwxglhv OLY/ 874089;1
Ixghqehuj/ Guhz/ dqg Mhdq Wluroh/ 4<<41 Jdph Wkhru| +Wkh PLW Suhvv,1
Jrphv/ Dupdqgr/ dqg Zdowhu Qrydhv/ 4<<;/ Pxowlsoh Odujh Vkduhkroghuv lq Frusrudwh
Jryhuqdqfh/ zrunlqj sdshu/ Xqlyhuvlw| ri Shqqv|oydqld/ Wkh Zkduwrq Vfkrro1
Julqeodww/ Pdun/ dqg F1\1 Kzdqj/ 4<;</ Vljqdoolqj dqg wkh sulflqj ri qhz lvvxhv/ Mrxuqdo
ri Ilqdqfh 77/ 6<607531
Jurvvpdq/ Vdqirug/ dqg Rolyhu Kduw/ 4<;;/ Rqh vkduh/ rqh yrwh/ dqg wkh pdunhw iru frusr0
udwh frqwuro/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv1
Kduulv/ Plowrq dqg Duwkxu Udyly/ 4<<5/ Ilqdqfldo frqwudfwlqj wkhru|/ lq M10M1 Odrqw +hg1,/
Dgydqfhv lq hfrqrplf wkhru| = Vl{wk zruog frqjuhvv/ yro1 LL/ Fdpeulgjh Xqlyhuvlw| Suhvv1
75Kruqhu/ P1/ 4<;;/ Wkh ydoxh ri wkh frusrudwh yrwlqj uljkw= Hylghqfh iurp Vzlw}huodqg/
Mrxuqdo ri Edqnlqj dqg Ilqdqfh 45/ 9<0;61
Mduuhoo/ Juhjj/ dqg Dqqhwwh Srxovhq/ 4<;:/ Vkdun uhshoohqwv dqg vwrfn sulfh= Wkh hhfwv ri
dqwl0wdnhryhu dphqgphqwv vlqfh 4<;3/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 4<+4,/ 45:049;1
Mhqvhq/ Plfkdho/ 4<;9/ Djhqf| frvwv ri iuhh fdvk  rz/ frusrudwh qdqfh/ dqg wdnhryhuv/
Dphulfdq Hfrqrplf Uhylhz :9+5,/ 65605<
Mhqvhq/ Plfkdho/ dqg Zlooldp Phfnolqj/ 4<:9/ Wkhru| ri wkh up= Pdqdjhuldo ehkdylru/
djhqf| frvwv dqg rzqhuvkls vwuxfwxuh/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ Rfwrehu1
Mrkq/ Nrvh/ dqg Gdylg Qdfkpdq/ 4<;8/ Ulvn| ghew/ lqyhvwphqw lqfhqwlyhv/ dqg uhsxwdwlrq
lq d vhtxhqwldo htxloleulxp/ Mrxuqdo ri Ilqdqfh 73+6,/ ;960:;1
Mrkq/ Nrvh/ dqg Mrvhsk Zlooldpv/ 4<;8/ Glylghqgv/ gloxwlrq/ dqg w{hv= D vljqdoolqj htxl0
oleulxp/ Mrxuqdo ri Ilqdqfh 73+7,/ 43860:31
Nuhsv/ Gdylg/ dqg U1 Zlovrq/ 4<;5/ Uhsxwdwlrq dqg lpshuihfw lqirupdwlrq/ Mrxuqdo ri
Hfrqrplf Wkhru| 5:1
Odrqw/ Mhdq0Mdftxhv/ dqg M1 Wluroh/ 4<;;/ Wkh g|qdplfv ri lqfhqwlyh frqwudfwv/ Hfrqrphw0
ulfd1
Od Sruwd/ Udidho/ Ioruhqflr Orsh} gh Vlodqhv/ dqg Dqguhl Vkohlihu/ 4<<;/ Frusrudwh rzqhu0
vkls durxqg wkh zruog/ zrunlqj sdshu/ Kduydug Xqlyhuvlw|1
Od Sruwd/ Udidho/ Ioruhqflr Orsh} gh Vlodqhv/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq|/ 4<<;/
Odz dqg qdqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/ 4446044881
Ohdvh/ U1/ M1 PfFrqhoo/ dqg Z1 Plnnhovrq/ 4<;6/ Wkh pdunhw ydoxh ri frqwuro lq sxeolfo|0
wudghg frusrudwlrqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 44/ 76<07:41
Ohodqg/ Kd|qh H1/ dqg Gdylg S|oh/ 4<::/ Lqirupdwlrqdo dv|pphwulhv/ qdqfldo vwuxfwxuh/
dqg qdqfldo lqwhuphgldwlrq/ Mrxuqdo ri Ilqdqfh 65+5,/ 6:40;:1
76Ohy|/ Kdlp/ 4<;6/ Hfrqrplf ydoxdwlrq ri yrwlqj srzhu ri frpprq vwrfn/ Mrxuqdo ri Ilqdqfh
6;/ :<0<61
Pdlodwk/ Jhrujh/ 4<<5/ Vljqdoolqj jdphv/ uhfhqw ghyhorsphqwv ri jdph wkhru|/ hgv1 Fuhhg|/
Mrkq/ glvwulexwhg e| Dvkjdwh/ Eurrnhog/ Yw1
Pdlodwk/ Jhrujh/ Pdvdklur Rnxqr0Ixmlzdud/ dqg Dqguhz Srvwohzdlwh/ 4<<6/ Eholhi0edvhg
uhqhphqwv lq vljqdoolqj jdphv/ Mrxuqdo ri Hfrqrplf Wkhru| 93/ 57405:91
Pd|hu/ Frolq/ 4<<3/ Ilqdqfldo v|vwhpv/ frusrudwh qdqfh/ dqg hfrqrplf ghyhorsphqw/ lq U1
J1 Kxeedug/ hg1= Dv|pphwulf Lqirupdwlrq/ Frusrudwh Ilqdqfh/ dqg Lqyhvwphqw +Xqlyhuvlw|
ri Fklfdjr Suhvv/ Fklfdjr,1
Phjjlqvrq/ Zlooldp/ 4<<3/ Uhvwulfwhg yrwlqj vwrfn/ dftxlvlwlrq suhplxpv/ dqg wkh pdunhw
iru frusrudwh frqwuro/ Ilqdqfldo Uhylhz 58/ 4:804<;1
Phoor/ Dqwrqlr/ dqg Mrkq Sduvrqv/ 4<<;/ Jrlqj sxeolf dqg wkh rzqhuvkls vwuxfwxuh ri wkh
up/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/7 < 1
Plojurp/ Sdxo/ dqg Mrkq Urehuwv/ 4<;5/ Suhgdwlrq/ uhsxwdwlrq/ dqg hqwu| ghwhuuhqfh/ Mrxu0
qdo ri Hfrqrplf Wkhru| 5:1
Prufn/ Udqgdoo/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq|/ 4<;;/ Pdqdjhphqw rzqhuvkls dqg
pdunhw ydoxdwlrq/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/M d q x d u | 1
P|huv/ Vwhzduw/ 4<<9/ Lqvlgh dqg rxwvlgh htxlw| qdqflqj/ zrunlqj sdshu/ PLW1
Sdjdqr/ Pdufr/ Idelr Sdqhwwd/ dqg Oxljl ]lqjdohv/ 4<<8/ Zk| gr frpsdqlhv jr sxeolfB Dq
hpslulfdo lqyhvwljdwlrq/ QEHU zrunlqj sdshu Qr1 869:1
Urelqvrq/ F1/ dqg D1 Zklwh/ 4<<3/ Wkh ydoxh ri d yrwh lq wkh pdunhw iru frusrudwh frqwuro/
zrunlqj sdshu/ \run Xqlyhuvlw|1
U|gtylvw/ Nulvwldq/ 4<<5/ Gxdo0fodvv vkduhv= D uhylhz/ R{irug Uhylhz ri Hfrqrplf Srolf|
;+6,/ 7808:1
77U|gtylvw/ Nulvwldq dqg Nhqqhwk Krjkrop/ 4<<8/ Jrlqj sxeolf lq wkh 4<;3v= Hylghqfh iurp
Vzhghq/ Hxurshdq Ilqdqfldo Pdqdjhphqw 4+6,/ 5;:06481
Vshqfh/ Plfkdho/ 4<:7/ Pdunhw vljqdoolqj/ Fdpeulgjh/ PD= Kduydug Xqlyhuvlw| Suhvv1
Vkohlihu/ Dqguhl/ dqg Urehuw Ylvkq|/ 4<<:/ D vxuyh| ri frusrudwh jryhuqdqfh/ Mrxuqdo ri
Ilqdqfh 851
Vlqjk/ Dmlw/ 4<<8/ Frusrudwh qdqfldo sdwwhuqv lq lqgxvwuldol}lqj hfrqrplhv= D frpsdudwlyh
lqwhuqdwlrqdo vwxg|/ Zruog Edqn dqg LIF/ Whfkqlfdo Sdshu 51
Vplwk/ Euldq/ dqg Ehq Dprdnx0Dgx/ 4<<8/ Uhodwlyh sulfh ri gxdo0fodvv vkduhv/ Mrxuqdo ri
Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 631
Vwrnh|/ Qdqf|/ dqg Urehuw Oxfdv/ 4<;</ Uhfxuvlyh phwkrgv lq hfrqrplf g|qdplfv/ Kduydug
Xqlyhuvlw| Suhvv1
Vwrxjkwrq/ Qhdo/ dqg Mrvhi ]hfkqhu/ 4<<;/ LSR0phfkdqlvpv/ prqlwrulqj dqg rzqhuvkls
vwuxfwxuh/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 7<1
Zhofk/ Lyr/ 4<;</ Vhdvrqhg rhulqjv/ lplwdwlrq frvwv/ dqg wkh xqghusulflqj ri lqlwldo sxeolf
rhulqjv/ Mrxuqdo ri Ilqdqfh 77/ 754077<1
]lqjdohv/ Oxljl/ 4<<7/ Wkh ydoxh ri yrwlqj uljkw= D vwxg| ri wkh Plodq vwrfn h{fkdqjh
h{shulhqfh/ Uhylhz ri Ilqdqfldo Vwxglhv :1
]lqjdohv/ Oxljl/ 4<<8/ Lqvlghu rzqhuvkls dqg wkh ghflvlrq wr jr sxeolf/ Uhylhz ri Hfrqrplf
Vwxglhv 951
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